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Symbiotes or Benevolent Microbes and Vitamines 
How They Assist in the Life Processes of Higher Organisms: A New Theory 


Tre world of science has recently been startled 
oy a new and revolutionary theory concerning the 
so-called benevolent microbes. It has long been 
known, indeed, that the bodies of animals contain 
not only the pathogeni. germs which produce dis- 
ease, but other microbes which are apparently 
harmless. A well-known French savant, M. Paul 
Portier, professor at the Oceanographic Institute, 
has been studying these non-pathological micro- 
organisms for some years, and has recently ad- 
vanced the novel hypothesis that they are not merely 
non-injurious, but are actually beneficial and indeed 
essential to the vital processes of higher organisms. 

It is M. Portier’s belief that symbiosis, j.¢,, the life 
in common of two organisms which are mutually 
benefic:al to each other, is a universal phenomenon. 
The classic example of this sort of communal life 
is the lichen, since every lichen is not a single plant, 
as it appears to be, but consists, in reality, of two 
plants, a fungus and an alga, which live together in 
harmony. According to M. Portier there are no 
simple organisms except bacteria, all the higher or- 
ganisms being in reality twofold, consisting, that is, 
of the organism itself and of the micro-organisms 
which are distributed throughout its tissues and play 
an important and necessary part in the processes of 
life. 


To these minute collaborators in the vital func-* 


tioning of the organism the name symbiotes has been 
given. These symbiotes, which are very plastic and 
very active have been isolated and proven to be ca- 
pable of life outside their host. While widely dis- 
tributed throughout the body they are found princi- 
pally in certain organs, particularly in the pancreas 
aud the reproductive glands; they rarely occur in 
the liver. 

During the last year or so M. Portier has pub- 
lished several memoirs concerning his studies of 
symbiotes in the Compies Rendus of the French Acad- 
emy of Sciences and elsewhere. Furthermore he 
has just published a volume entitled Les Symbiotes 
(The Symbiotes), in which he gives voluminous data 
concerning his experiments with a large variety of 
animals, ranging from insects to vertebrates, along 
this line. We are greatly indebted for the informa- 
tion in the present article to an admirable review of 
the latter from the pen of Henry de Varigny, which 
appeared recently in the Bibliothéque Universelle 
(Lausanne), since the work in question has not yet 
reached this country. 

M. Portier gained his first idea of symbiotes 
through the study of certain caterpillars of the mi- 
ero-lep'dopters, such as the genus Nepticula. These 
caterpillars inhabit minute tunnels which they exca- 
vate in the thickness of leaves. They are absolutely 
aseptic and live upon crushed plant cells whose con- 
tent is accessible to the digestive juices. Other 
caterpillars, such as that of the Gracilaria Syringella, 
are also aseptic at the beginning of their existence 
before they desert their tunnel to live outside. Liv- 
ing then upon more resistant cells they crush them 
imperfectly. But upon quitting their tunnels they 
become infected and their digestive canal is full of 
microbes living upon cellulosic débris which they 
render soluble. Here we have the beginning of a 
beneficial association since the microbes live upon 
the cellulose while the insect lives upon the contents 
of the cells liberated by the dissolving of the cellu- 
lose. Again the digestive juice of those insects which 
live upon wood (xylophagic) is not capable of attack- 
ing cellulose, yet the larvae are enabled to develop 
by means of microbes which live upon wood by 
means of cytolysis afterwards supporting the life of 
the larvae. In the caterpillars of Nonagria and of 
Sesia, these well-fed microbes penetrate the epithe- 
lial cells of the intestines and there become liquefied; 
there is an intercellular digestion of the microbe by 
the intestinal cell. Some of them pass into the blood, 
where they are intercepted and absorbed by the leu- 
cocytes or white blood corpuscles, while some of 
them escape this fate and become encysted in the 
tissues. They pass of their own accord into the 
eggs and there multiply, and when the egg develops 
the larva is already provided with its symbiotic 
micro-organism. Thus in this case symbiosis is ac. 
tually hereditary, and this seems to be intentiona) 
upon the part of Dame Nature, since the tissues 
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which contain the most of these auxiliary microbes 
are the reserves of fat adjoining the reproductive 
glands. These inclusions exist in all insects and have 
aiso been found in all vertebrate animals thus far in- 
vestigated. 

M. Portier has even succeeded in cultivating the 
symbiotes found in vertebrates, the easiest cultures 
to make being those from the lower forms:of verte- 
brates., He has -established the fact that the sym- 
biotes of birds and;mammals require a temperature 
of about. 40°C., whilé for those of the Jower verte- 
brates 25°C. is. sufficient. 
the culture takes place through the skin* which de- 
velops upon the surface, but it is evident that.the 
passage of. the tissue into the midst of the culture 
constitutes. a-critical period for the symbiote which 
it does not always survives. A curious circumstance 
is that the best culture of.symbiotes is yielded by a 
tissue which hag, just passed through a state of in- 
tense physiolog‘gal functioning. 

As seen.inethe culture the symbiotes are-highiy 
polymorphous. _They..are generally .in the-form of 
bacteria of medium Jength,!put by varying the cul- 
ture medium they, can,,be, transformed into short 
bacilli and even into ordinary micrococci or into 
large spherical micrococei—or again into highly mo- 
bile short bacilli or-into immobile filaments. All 
these are reduced to fragments by the presence of 
antiseptics. Thus we see that they are, highly mal- 
leable from the morphological, point~of. view. 

They are equally malleable, likewise from the 
physiological point of view. ..~the optimum tempera- 
ture varies according to the origin., When the sym.- 
biote is derived from a frog or a toad, 25°C. is a suf. 
ficiently. high temperature, while=from 42°C. to 
45°C. is required when it comes from’a mammal or 
a bird. Thus we see that it produces races which 
are adapted to the heat of the surrounding medium; 
however, all symbiotes of whatever origin are capa- 
ble of adapting .themselvyes to both these extremes 
and even to temperatures of from 50°C. to 60°C. 
(122°F. to 140°F.)... 

In spite of.this comparatively great resistance to 
heat, symbiotes perigh> ordinarily. when in a moist 
medium at less than 100°C. However, they can be 
trained so as to resigt a-temperature of 110°C., or 
even 117°C. In-the-dry state they will resist 140°C., 
but at 150°C. they do not survive more than half an 
hour. , 

All antiseptics are fatal to them, the amount and 
time required being variable. If such experiment be 
arrested before death.ensues symbiotes are obtained 
whose culturgeis slower,jand more difficult and an 
aberration of form is exhibited. “ 


HOW SYMBOTES ASSIST IN NUTRITION 


M. Portier is convinced that symbiotes preside over 
two sorts of phenomena in the process of nutrition— 
simplification and destruction. on the one hand and 
building up or synthesis on the other. When fur- 
nished carbohydrates they.render them very. oxidis- 
able reducing Fehling’s lignid just as‘the organism 
does. 
they seem, indeed, to transform proteic substances into 
acid amines in the same, mannepas does theorganism. 
From the, synthetic point of view they also behave 
like the organism, since when furnished with sac- 
charose and a nitrate they.manufacture a polysac- 
charid which is very similar -taeglycogen. As a mat- 
ter of fact, according to M. Portier, it is really the 
symbiotes which accomplish this work and not the 
organism itself. 

So far as is now known the symbiotes probably 
erter.the organism with food by way of the alimen- 
tary canal. When inoculated -experimentally subcu- 
taneously or into the circulatory system they are en- 
tirely innocuous,. producing no reaction. 

One of the most-important features of the author’s 


’ theory is his identification of the symbiotes with the 
‘ elements of the cell known as mitochondria. 


These 
are minute bodies which. exist in all cells whether 
of animals or plants except in most of the bacteria. 
They are also known as b‘oplasts, leucites, vesicles, 
ete. They are usually in.the form of small spherica) 
bodies, but sometimes occur as filaments composed 
of grains, or even as rod-like bodies. M. Portier 
is convinced that these mitochondria, a definite num- 


They transform glycerine into dioxyacetone; . 


It has been, proved that - 


ber of which exist in each cell, are really symbiotes. 

Various investigators have differed greatly as to 
the function of the mitochondria. Thus Guillermond 
has shown that they elaborate starch; Policard, that 
they produce hemoglobin; Mullon, that they make 
pigment, etc. M. Portier harmonizes these d‘screp 
ancies by declaring that the mitochondria are really 
symbiotes—independent organisms feasting at the 
same table with higher organisms. The symbiote, in 
other words, is a highly polymorphous form.of bac 
teria. 

Certain histologists raise the objection that the 
mitochondria are not always capable of being cult; 
vated in vitro. The author of this theory answers the 
said objection in a highly ingenious and interes ting 
manner. He observes that there is no more re:son 
why the mitochondria should be able to repro:luce 
themselves at all times than for men or animais to 
possess the same prerogative. In men and ani-nals 
old age causes the loss of reproductive powers, while 
in the mitochondria the same result is occasionel by 
the fulfilment of their physiologic réle. When a mi 


_tochondria elaborates any product whatever it be 


eomes a sac containing the said product. In this 


-condition the mitochondria loses its power to repro 


duce itself by division and remains a mere env«lop. 
The mitochondria which reproduces itself is the one 
which*has not yet become specialized. 


Vital. operations are of two sorts—functiona! ac 
tivity involving the destruction of reserve mat: rial 
and the liberation of energy and functional re) ose 
during which the reserves are eldborated by m»ans 
of synthesis; as Claude Bernard has strikingly ex 
pressed it: ‘Life is creation.’’ Both these phe. 
nomena occur alternately in the same cell and in the 
same symbiote according to M. Portier—but the 
symbiote not only manufactures a food reserve but 
is totally transformed into such an aliment and is 
entirely consumed at the proper time. The symbiotes 
share with their sister bacteria an enormous power 
of synthesis of the most complex and various sub 
stances. Bacteria are even capable of manufac’ ur 
ing protoplasm, albumenoid matter from simple inor 
ganic substances, while, on the other hand, there 
seems to be no organic compound in nature which 
cannot be disintegrated into its elements by some 
sert of bacteria. 

M. Portier’s view as to the part played by sym- 
biotes can be best understood by studying concrete 
examples. There are certain living creatures, namely. 
the bacteria, which are sufficient to themselves in 
the matter of nutrition. Hence they may be termed 
autotrophic; these possess neither symbiotes nor mito- 
chondria—they are themselves symbiotes or mito- 


chondria and derive from inorganic matter the ma- 


terial from which to manufacture organic matier, 
namely their own protoplasm. All other living crea- 
tures, whether plants or animals, contain symbiotes 
and are, therefore, termed heterotrophic. With the 
exception therefore of bacteria all living organisms 
present a condition of symbiosis. 

What them is the réle of the cell? In the first 
place it appears to limit the number of symbiotes 
contained. Furthermore, it appears to constitute by 
means of its cytoplasm and its nucleus the chemical 
milieu which surrounds the symbiote and from 
whence the latter extracts the raw material required 
for its activities.- 


SYMBOTES AND VITAMINES 


A highly interesting point with respect to vita- 
mines is raised by M. Portier, which will undoubtedly 
rouse wide interest and possible controversy among 
men of science. It is only a few years ago that he 
well-known English scientist, Caspar Funk, made the 
startling announcement that certain wasting diseases. 


' such as scurvy, beri-beri, etc., are really maladies of 
' Malnutrition and are due to the lack of certain in- 


dispensable elements in the food of the victims of 
such diseases. These elements were termed yitam:ncs 
by Funk. These vitamines are supposed to exist in 
certain portions of fruit, seeds and vegetables more 
than in others. Thus they are contained in ‘he 


outer coatings of rice, wheat and other cereals and 
for this reason polished rice and white flour (made 
from the inner part of the wheat) are imperfect 
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food, incapable of supporting life unless supple- 
mented by other foods containing the vitamines, i.e., 
certain acid amines which are indispensable to life, 
of which the former have been deprived. But Por- 
tier holds the opinion that such maladies are really 
due to a deficiency of symbiotes, or what he calls a 
state of a-symbiosis. According to Funk the steriliza- 
tion of foods, as in canned vegetables, kills the vita- 
mines, and for this reason such foods tend to produce 
scurvy. But according to Portier sterilization kills 
the symbiotes. He has proved by experiments that 
the latter perish at a temperature of about 120°C. 
avd he points out that this is the very temperature 
a. which vitamines are supposed to be destroyed, re- 
mar!:ing that it is much easier to believe in the death 
of the living organisms known as symbiotes than in 
the disintegration of a vitamine, which as a matter of 
fact has been proved not to dissolve until the tem- 
pera'ure of 233°C. is attained. 

One of Funk’s most convincing experiments was 
the feeding of mice with bread which had been pre- 
viously treated with alcohol. 
bread alone the mice soon died, but when the alcohol 
in which the bread had been soaked was added to 
the bread the mice continued to thrive. Funk ex- 
plaiis this by saying that the alcohol has absorbed 
the vitamines and carried them away with it. Por- 
tier declares in his turn that the alcohol has re- 
moved the symbiotes. The latter are found abun- 
danily in bran, and if the bran be treated with alco- 
hol and the alcohol then evaporated the residual 
liquid will produce an abundant culture of symbiotes. 
Symbiotes resist alcohol and also resist heat-up to 
120°C. One of Funk’s most telling arguments is that 
the decortication of rice and other cereals occasions 
phenomena of malnutrition, which he ascribes as we 
have said, to the removal of the vitamines, but Por- 
tier claims that the phenomenon is due to a lack of 
syn biotes. Living symbiotes are found in bran and 
in ‘he integuments of seeds in general. But in the 
seei they have already been transformed into sacs 
con‘aining reserve products, and if an animal is given 
cercals deprived of the coatings of the grain, it is given 
a food lacking in symbiotes. 

But Funk was able to restore pigeons suffering 
from polyneuritis through de-vitaminized food by 
administering to them vitamines in the form of a 
crystallized substance and this substance contains no 
symbiotes. Portier, however, responds gallantly to 
this argument by saying that doubtless the vitamine 
is one of the products of the activity of the symbiote. 
The same restorative result can be obtained, there- 
fore, by administering either vitamines or symbiotes 
te the victim of malnutrition. As a matter of fact 
this view appears to be supported by a striking ex- 
periment made by Portier and Bierry. They injected 
living symbiotes into animals in a state of a-vita- 
minosis, i.e., almost et the point of death through 
malnutrition. The animals were immediately resur- 
rected exactly as when vitamines are injected. 


it has long been acknowledged that certain plants 
such as the leguminosae possess symbiotic bacteria 
and that these assist them in obtaining their proper 
nutrition. It is but a step further, therefore, to 
suppose that analogous bacteria, or symbiotes, may 
have a like function in the nutrition of animals. It 
is supposed that the symbiotes enter the alimentary 
canal of men and animals together with their food 
and the question then arises as to the method by 
which they become distributed in the various organs 
where they are found. M. Portier’s theory is to the 
effect that this distribution occurs by means of the 
blood. It has been shown in recent years that be- 
sides the red corpuscles and the white cells, or leuco- 
eytes, the blood contains certain minute bodies 
termed globulins, whose origin and function has 
never been ascertained. These globulins exhibit a 
striking resemblance to bacteria. They are in the 
shape of rods of different sizes, as if some of them 
were older than others. These rods readily assume 
the rounded coccus form quite like the mitochondria; 
they are most numerous in those creatures whose 
metabolism is most intense. They are markedly di- 
minished in a state of fasting. Portier has con- 
ceived the idea that these globulins are really sym- 
bictes employed in the nutrition of the animal. 

Granted that the symbiotes are concerned in nu- 
trition the question naturally arises as to whether 
they play their part in reproduction. A distinguished 
histologist, Fauré Fremiet, has shown that the ovule 
is almost entirely lacking in mitochondria while the 
corresponding male element is well supplied with 
them. Portier explains this by saying that the mito- 


When fed upon this - 


chondria or symbiotes in the ovule have already un- 
dergone a transformation into reserve materials, 
usually fats, as described above. It will be remem- 
bered that there are numerous cases of natural or 
artificial parthenogenesis, in which the ovule devel- 
ops without being fertilized. The development starts 
from a mass of matter called by histologists the 
vitelline body, which is of mitochondrial origin. But 
according to Portier this vitelline body consists of a 
cluster of symbiotes which have become isolated but 
are not yet transformed into sacs of reserve ma- 
terials. These symbiotes when set free by a process 
which remains to be discovered are capable of pro- 
ducing the development of the ovuleé in spite of the 
absence of male element which is so well supplied 
with symbiotes. ~ It will be seen that this hypothesis 
supplies an explanation not only for natural, but also 
for artificial or experimental parthenogenesis, if we 
suppose that the ovule contains a sufficient number 
o: non-transformed symbiotes to replace those which 
are habitually introduced- by the male element. If 
this be true the experimenter need only arouse by 
some suitable agent the symbiotes which exist 
therein in a quiescent state, or else to innoculate the 
ovule with fresh symbiotes if those already existing 
therein are exhausted. 

One advantage of the theory of symbiotes, accord- 
ing to its author, is that it agrees admirably with the 
“Unicist” theory of life. The view was held by Lie- 
big and J. B. Dumas that the nutrition of animals 
differs in nature from that of plants, the latter mak- 
ing use of immediate principles by means of synthe- 
sis and reduction while animals destroy and oxidise 
the materials elaborated by vegetable life. In other 
words the animal merely makes use of building 
blocks which have been constructed by plants from 
inorganic matter. This theory was vigorously com- 
bated by Claude Bernard, in whose opinion analysis 
and synthesis are inseparable—the two phenomena 
teing co-existent in all living organisms. This view 
is termed the Unicist theory. The intervention of 
symbiotes, “‘which are derived from the same stock 
and which are, perhaps, identical, or which at any 
rate consist of very similar species in all living crea- 
tures,’”’ says Portier, well accords with the views of 
the great physiologist. 

+ ” 

If symbiotes wear out and grow old through their 
activities and their transformations and if they are 
indispensable to the organism, it is evident that the 
latter cannot survive unless the supply of young sym- 
biotes is constantly renewed from without; hence if 
the food fails to contain the necessary supply of sym- 
biotes the organism is in jeopardy, a view which 
accords with what has already been said concerning 
vitamines and symbiotes. 

Animals fed upon aseptic food which has not 
been heated thrive perfectly; they also thrive upon 
food which has been slightly heated, even when the 
heating has been repeated several times, provided 
the temperature is not too high. But as soon as the 
temperature of boiling water is reached some foods 
become injurious, while all are harmful after being 
heated to 120°C. (248°F.). In other words a food 
which has been certainly sterilized by heat is a food 
which may still retain its physiological, but not its 
biological value. M. Portier believes that it is the 
destruction of the symbiotes which has thus depre- 
ciated the value of the food. The aseptic life is 
pcssible when symbiotes are present, as in the case 
of the tunnel-making caterpillars referred to above, 
but is impossible without symbiotes. But it must not 
be forgotten that the symbiotic condition is a state 
of normal physiological association, which should not 
be confused with the septic condition which is a state 
of abnormal and pathological association. 

It has been proved, however, that certain animals 
exist which are capable of living upon food which is 
entirely free from symbiotes. Portier explains such 
apparent exceptions by saying that in all cases where 
the organism seems to feed upon aliment which are 
deprived of symbiotes, it is nourished in reality by a 
“transformator” which intervenes between the feeder 
and the food—usually by a fungus which contains 
symbiotes. There are certain coleoptera which 
live upon the wood of trees in which they excavate 
tunnels having a characteristic form. Apparently 
they live upon the wood itself, which is lacking in 
symbiotes. In reality, however, it is a fungus of the 
genus Ambrosia which lives upon the wood, and this 
fungus contains symbiotes. The wood which is in- 
digestible for the insect is digested by the fungus, 
after which the insect feeds upon the transformator 


fungus. Another example is of the termite, which 
stores up in its hill dead wood which it crushes and 
swallows. It seems to live upon the wood, but this 
is accomplished in a very curious manner. It col- 
lects its own excreta and agglomerates them into 
spherical granules, forming a sort of cake. When > 
these cakes are examined minutely they are seen to 
be filled with the mycelium of a fungus which pro- 
duces spores here and there. In an occupied ant hill 
only this mycelium is seen, but in a deserted hill 
there issues from the mycelium a sort of down 4 or 
5 mm. in height. The fact is that the ants graze, so 
to speak, upon this growth, and thus keep it cut 
short. In reality, therefore, they swallow the wood 
merely to prepare a suitable soil for the fungus, 
which is their actual food supply. 

Even more curious is the case of the wood-eating 
caterpillars of the genera Cossus, Sesia, Nonagria, 
Zeuzera. These do devour wood indeed, but when 
the ligneous paste in the alimentary canal is exam- 
ined it is found to be filled with micro-organisms, 
particularly with the conidia of a fungus of the 
genus /saria, and it is the spores of this fungus which 
form the food of the insects. These spores, which 
contain symbiotes, are absorbed by the epithelial 
cells and the leucocytes. There are even cases in 
which the intermediary fungus is cultivated neither 
outside the animal nor in the alimentary canal, but 
in its very tissues. An example of this is the ordi- 
nary aphis or plant louse. This seems to suck the 
juices of the plant which it pricks. However, it 
sucks them in through a sort of filter, through which 
it is impossible for symbiotes to pass. But M. Por- 
tier explains that the aphis possesses two lumps of 
a brown or green substance at one side of the intes- 
tine, which are filled with bacterioidal bodies which 
form a mycetome, i.e., a mass of yeast cells. The 
nature of this green mass has been mu ~ debated. 
Portier considers it merely a collection + é 
—a fungus living upon the juices drawr nts 
and provided with symbiotes. It is th.s he 
believes, which is the real food of the lice; the iaii> 
suck the plant juice to nourish the fungus, which in 
turn nourishes them. 


SYMBOSIS IN PLANTS 


Certain plants also exhibit a state of symbiosis. 
The seeds of orchids, entirely lacking in the reserves of 
alimentary substances for the young plant, which most 
seeds contain, are incapable of germination when sown 
upon sterile ground, but readily germinate upon soil 
where orchids have previously been cultivated for the 
reason that in this case the teguments are invaded by a 
fungus of the genus Rhizoctonio. The cells of the orchid 
digest the mycelium of the fungus and Portier, there- 
fore, regards the orchid as being epixylous in a manner 
similar to the cytases which attack the wood; it de- 
velops by feeding upon the nutritive matters thus 
elaborated and it then becomes a source of food sup- 
ply for the plant, to which it gives over the sym- 
biotes. In the orchid this symbiosis is usually not 
hereditary, i.e., the symbote does not exist in the 
zee as it exists in the egg of xylophagous animals— 
nature resies unon the symbiotes of the soil to sup- 
ply the seed. In the Neottia, however, the parasitic 
fungus passes into the seed. Similarly the mycor- 
hizes of many plants merely represent a case of the 
symk.osis of a fungus and a plant of higher order. 


SYMBOTES AND DISEASE 


Ic will be remembered that the minute bodies 
in the b'sod known as globulins are looked upon 
by Portier merely as circulating symbiotes. If this 
be true it is possible that they take part in the de- 
fence of the organism through the production of im- 
munity. A number of recent researches has shown 
that the globulins are probably concerned in the gen- 
esis of alexine and of the anti-bodies and also in 
the elimination of bacteria, especially staphylococci. 
It has been observed, too, that in a condition of ana- 
phylaxia, !.e., the partial or total incapacity of the 
organism to react against the introduction of inju- 
vicus substances, the globulins are almost entirely 
lacking, anc’ it is suggested that if some means can 
be found to increase the multiplication of the glob- 
ulins infection may thus be combated. 

We will not here discuss Portier’s theory of the 
possible connection between symbiotes and cancer, 
since much mo‘c work along tris line is needed 
either to substantiate or to disprove his views. In 
the same way the hypothetical connection between 
symbiotic action and the sudden variation of species 
known as mutation though provocative of interest 
cen here be merely mentioned. 
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Coal Analyses Made at the Power Plant 
A Simple Method that does not call for the Services of an Expert 
By E. D. Hummel 
CoaL analyses are rapidly becoming a necessity Set of metric weights VOLATILE MATTER ALSO DETERMINED BY HEATING 


in power plants because the best grades of coal go 
tc the stations that have the facts. Moreover, plant- 
efficiency records in terms of British thermal units 
per kilowatt-hour instead of pounds of coal per 
kilowatt-hour. This latter tendency is advanta- 


geous to the operating company and the plant engi- 


neer alike, because it gives a fundamental basis 
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Some of the apparatus required 


for discussing efficiency upon which there can be no 
misunderstanding. The practice would no doubt 
have grown faster had it been easier to make proxi- 
mate analysis of coai. The chief reason for making 
the coal tests at the plant, however, is that the re- 
sults can be secured in a few hours after the sample 
has been received, whereas it may be a matter of days 
if samples must be sent to a chemist. Getting the 
data thus promptly permits the engineer to work up 
operating results based on actual tests of the coal 
fired instead of results based on analyses of coal 
handled a week previcusly which was supposed to 
be the same. Many plants use the latter method. 
but there are cases where the results so secured 
have been found to be misleading. 

It is usually considered that a chemist is required 
to determine the number of B.T.U. in a pound of coal 
Modern apparatus, however, renders this determina- 
tion relatively simple, much more so than the aver- 
age engineer realizes. In fact, the work can be out- 
lined in such a manner that the layman can handle 
it. The following article describes a simplified 
method of analysis in power stations to determine 
the quality of the coal used without sending it to a 
laboratory. 

A manipulator does not have to be a skilled chem- 
ist to make a proximate analysis of coal by this 
method. Any person who is able to calculate, to 
take temperatures and to weigh, and who possesses 
a fair degree of common sense, may obtain good 
results after a little practice. Practice and accuracy 
in taking readings are the prime factors in getting a 
final result that may be relied upon. 

The following is a tabulation of apparatus required 
to equip a power station laboratory for the purpose 
of analyzing coal. 

1 Parr standard calorimeter 

1 Electric stirring motor—specify whether to be 
used with 110 or 220 volt d.c., or 110 or 220 
volt a.c. 

Bank of resistance for 110 or 220 volts 

Hot-air oven 

Thermometer 0—400 deg. F. for oven 

Mortar and pestle 

Balance scale—Becker or equivalent 


— 


* From Povrer. 


Desiccator, 6 or 8 in.—Sheiblers or equivalent 
Bunsen burner 

Support 

25-c.c. porcelain glazed crucibles 

Steel spatulas 

Crucible tongs 

21%-in. iron triangles—pipe stem covered 
Balance scale for coarse weighing—capacity 
5 Ib. 

3 Beakers—200 c.c. 

2 Beakers—265 c.c. 

1 Parr sulphur photometer 

Several pieces of apparatus not mentioned in the 
list are furnished with the calorimeter and photo- 
meter. All the apparatus will cost about $300. The 
money thus spent will soon be returned, however, 
if many samples of coal are to analyzed. 

For sampling and preparing the coal, methods 
described in the Government’s Technical Paper No. 
133 should be followed. The coal sample “as re- 
ceived” should be delivered to the laboratory in a 
container tightly sealed, having a capacity of two 
pounds or three pounds. 

The first step in analyzing coal is to determine 
the moisture content. This is done in two opera- 
tions: First, air drying, then oven drying: To ob- 
tain the percentage of moisture in the coal, empty 
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Calorimeter ready for test 


the contents of the container on a square of stiff 
paper which has been previously counterpoised and 
weigh it. Allow the coal to stand in a current of 
air warmed to from 80 deg. to 100 deg. F. for a 
period not less than twelve hours. Then weigh it 
and compute the percentage of moisture by this for- 
mula: 


Weight moist coal—weight dry coal 
; X 100 = 


Weight moist coal 
Percentage of moisture (1) 

When the sample lot has been reduced by quar- 
tering to about 1 oz. to 1% oz., grind it in the mor- 
tar until it will pass through a 100-mesh sieve. 
This must be done rapidly to avoid any loss of mois- 
ture during the process. 

Weigh out 5 grams of the powdered coal and put 
it in a 25-c.c. crucible. It is well in doing this to 
counterpoise the crucible on the balance and weigh 
the coal directly in the crucible, thereby eliminating 
any loss of coal by transferring it from the balance 
pan to the crucible. Dry it in the oven for one hour 
at 220 deg. F. After this, cool it in the desiccator 
and weigh it. The loss indicates the amount of 
moisture in the air-dried coal. To calculate the per- 
eentage of moisture use formula (1). 


To determine the amount of volatile in the coal, 
weigh out one gram of the powdered coal in a 25-c.. 
crucible after counterpoising the crucible. A plati- 
num crucible is preferred, but one of porcelain will 
do. The volatile determination is similar to the 
moisture determination, but is made with the ‘tem- 
perature at red to white heat and with the careful 
exclusion of air. If the coal is not very moist, as is 
the case of oven-dried coal, it is necessary to wet 
it slightly after weighing it in the crucible. This 
allows the air to be expelled from the crucible and 
prevents the oxidation of the coal. A _ piece of 
asbestos paper somewhat larger than the top of the 
crucible can be used between the edge of the crucible 
and the lid. This, being weighted down, acts asa 
check valve allowing the gas to pass off, but pre. 
venting the ingress of air. 

When these preparations have been made, heat 
the crucible with a bunsen burner capable of ra‘sing 
the temperature to a white heat. Heat it slowly 
for the first five minutes while expelling the air, then 
heat it to the limit of the burner for 15 to 20 min. 
It is well to have a metal chimney around the fiame 
to avoid the effect of drafts of air. At the end of 
the heating period cool the test sample in a desic« ator 
with the lid on. When it is cool, remove the lid and 
inspect the contents of the crucible to deterraine 
the coking power of the coal. Weigh and calculate 
the percentage of volatile matter by formula (2). 


Weight of residue 
x 100 = Percentage volatile. (2) 


Weight of coal 

The process of ash determination is somewhat like 
the process of finding the percentage of volatile mat- 
ter. The first step is to weigh out one gram of 
the powdered coal in a 25-c.c. crucible after coun- 
terpoising and weighing the crucible. Then place 
the crucible about three inches above the flame of 
a bunsen burner, the flame being about three inches 
in height. Allow it to remain in this position for 
15 min. to permit the volatile matter to pass off, 
then lower it well down within the flame, leaving it 
in this position until observation shows a clean ash. 
This observation is important as the ash determina- 
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tion is very slow when the coal is burned in the 
open, depending on the atmosphere for the supply 
of oxygen. Cool it in the desiccator and weigh it. 


Calculate the percentage of ash by formula (3). 
Weight of ash 


Weight of coal 


x 100 = Percentage ash. (3) 
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To find the percentage of fixed carbon, subtract 
from 100 per cent. the sum of the moisture, volatile 
and ash percentages. 

Determination of the heating value is made by 
a Parr standard calorimeter. In preparing the 
charge, weigh out one-half gram of the oven-dry coal. 
In transferring the coal from the balance pan to the 
fusion cup great care must be exercised not to lose any 
particles of coal. Before transferring the coal to the 
fusion cup, see that it is clean and dry. Weigh out 
one gram of accelerator (KCLO:). If the accelerator 
is lumpy, it must be pulverized on a piece of glass 
with a spatula, preferably before weighing. Trans- 
fer the accelerator to the fusion cup with the coal 
Then close it with the false cap and shake it vigor- 
ously for five minutes to insure a positive mixture. 
After it is well mixed, add one full measure of so- 
dium peroxide (NA:O:), using the measure furnished 
with the calorimeter. 

In filling the measure it should be tapped to in- 
sure complete filling. This must be done rapidly 
as the peroxide will absorb moisture. In adding 
the peroxide to the contents of the fusion cup, in- 
cline the fusion cup slightly to avoid blowing out 
the particles of coal. When the peroxide is added, 
close the cup again with the false cap and shake 
it, using the same precaution to get a good mixture. 
Afte: it is well mixed, tap the false cap to remove 
all particles of the mixture from the upper part of 
the cup. Then prepare the ignition stem by attaching 
a piece of fuse wire about 2.7 in. (7 cm.) long to 
the ‘erminals, passing it through the eyelets. Tighten 
it to insure good contact, allowing the loop to extend 
from three-eights to one-half inch below the central 
terminal. Remove the false cap from the fusion 
cup and replace it with the ignition stem. Place 
the floating bottom at the lower ena of the bell-body; 
place the fusion cup in the bell-body and insert the 
ignition stem; screw it down tight with the two 
wrenches. Put on the stirring vanes, allowing the 
small holes near the lower edge of the bell-body 
to be exposed. Remove the can from the calorimeter 
and fill it with 2 liters of water, preferably distilled. 
This water should be at a temperature of one or two 
degrees below that of the room. The room tem- 
perature should be, if possible, about 70 deg. to 80 
deg. F., in order to keep well within the range of the 
thermometer. Place the container and top in place 
and see that the thermometer extends a little over 
halfway to the bottom of the container. Place the 
pulley in position on the stem, which should then 
be connected by a light flexible cord to the motor. 
The stirring is effected by the vanes on the bell- 
body. The pulley should be revolved in a clockwise 
direction at about 150 r.p.m. Set the switch, being 
careful not to allow it to touch the ignition stem 
until the proper time. Allow the unit to revolve 
a few minutes before taking readings on the ther- 
mometer. Take the readings one minute apart for 
four or five minutes before igniting the charge, to in- 

sure an equalization of the temperature. To ignite 
the charge it is well to throw in the switch with a 
long stick to insure safety. After igniting the charge 
the temperature should begin to rise immediately. 
Take readings at one-minute intervals for nine or ten 
minutes. The readings must be carefully taken. If 
the temperature of the water before igniting is one 
or two degrees below room temperature, the temper- 
ature at the end of the first minute after ignition 
will be something over the room temperature and 
the radiation for that period may be considered self- 
correcting. Ordinarily, the rise in temperature will 
continue for four or five minutes, at which time the 
maximum will have been reached. 


HOW TO FIND THE RADIATION 


The radiatiun for this period is found as follows: 
Read the fall of the temperature for each minute 
for four or five minutes after the maximum has 
been reached. The average drop per minute repre- 
sents the correction to be added to each minute pre- 
ceding the maximum, except the minute immedi- 
ately following the ignition. The final temperature 
thus corrected for radiation minus the initial tem- 
perature of the water represents the total rise in 
temperature. 

From the total rise in temperature, corrected for 
radiation, subtract the correction factors for heat 
due to chemicals, fuse wire, etc. These correction 
factors are given in one of the tables . Then mul- 
tiply the remainder by 3100 (the constant on the 
calorimeter). The product will be British thermal 
units per pound of coal. 

It should now be noticed that the heat value of 
the coal as derived, refers to the coal in the condi- 


150 c.c. of water. 


t.on in which it was weighed out for making the 
determination. That is to say, if coal having 14 


per cent. moisture is oven dried before weighing 
TABLE OF CORRECTION FACTORS FOR CALORIMETER 

Deg. F. 

Percentage ash, multiplied by 0.005 

Percentage by. O.010 

Fuse wire ... 0.005 

Accelerator, 1 gr. 


Hydration, bituminous “coal... 
out the portion for the calorimeter, the determina 
tion is for dry coal. To reduce this calculation to an 
“as received’’ basis, divide the number of B.t.u. ob- 
ttained by 100 per cent, plus the percentage of mois- 
ture present in the coal obtained by determination. 
SULPHUR CONTENT FOUND BY PHOTOMETER 

Determination of the percentage of sulphur in 
coal can be made by a Parr photometer. To obtain 
the sulphur content by this method, the residue 
fiom the fusion cup of the calorimeter is used. The 
first step is to place the material from the fusion 
cup in a large beaker after the cartridge is disman- 
tled and pour hot water over it. In all add about 
Heat the mixture for five to ten 
minutes, then cool it and add enough pure concen- 
trated hydrochloric acid (HCL) to neutralize the 
solution. Then add 5 c.c. of acid in excess. 

Transfer the slightly acid solution to the 250-c.c. 
flask and fill it up to the 250-c.c. mark with pure 
water. Mix it thoroughly and then measure out for 
the analysis 25 c.c. of the solution in a graduated 
tube having a capacity of 100 c.c. Fill it up to the 
100-c.c. mark with pure water. Transfer the 100 c.c. 
of solution from the cyiinder to the Erlenmeyer 
flask and add 0.3 to 0.5 gram of barium oxalate pow- 
der, and without delay close the flask with the cork 
and shake vigorously for three to five minutes. Then 
allow it to stand for fifteen minutes. 

To secure the turbidity, the solution is shaken 
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Milligrams of Sulphur 
Sulphur photometer curve 


and poured from the flask to the dropping funnel. 
The graduated tube is adjusted in the dark so that 
the rounded end dips well into the water in the flat 
dish, which should be abouf one-half inch in depth. 
Adjust the flame to a height of one inch; this is 
accomplished by having the flame appear one-eighth 
inch above the metal chimney. 

By means of the pinch-cock admit the solution 
until the point of light from the candle flame just 
disappears; that is, until the last point of light from 
the flame is no longer visible. 

Remove the tube and read in millimeters the 
depth of the liquid. By means of the curve shown 
berein, the milligrams of sulphur in the 100 c.c. of 
solution is determined. If 25 c.c. were taken from 
250 c.c. before the light is observed and this later 
contained the fusion from % gram of coal, then the 
sulphur reading would be the weight present in 
1-20 gram of coal. 

If, for example, the result shows 90 mm. in the 
tube there would be indicated 2.24 mg. of sulphur 
present in the quantity taken; that is 0.00224 gram. 
If one-half gram of coal is represented in this 
amount, there would be 0.0448 gram of sulphur, or 
4.48 per cent., in the coal. 

Special care should be taken to prevent the set- 
tling of the precipitate. A reading should be taken 
quickly and the contents poured back into the drop- 
ping funnel. Readings should be repeated several 
times to afford greater accuracy ip the final average. 


Light and Color in Relation to Stage Effects.* 

There are few, if any, stages in this country really 
well lighted, yet the importance of proper stage lighting 
ean scarcely be overestimated. The relative values in 
order of importance are: First, the play; second, the 
acting; third, the lighting; fourth, the scenery; and 
fifth, the dresses. Stage lighting may be defined as 
the are of placing or graduating, and of coloring light 
and shade. 


The theatre, like other arts, was originally asso- 
ciated with religion, and in the early stages of their 
evolution religious ceremonial and dramatic representa- 
tion are closely associated. Historically the value of 
lighting was appreciated as early as A. D. 750 at the 
Byzantine Court, and in 1160 we find sconces of candles 
used in miracle plays, flares and squibs especially be- 
ing employed to give local color to the devils. It was 
not until 1556 that Edward VI. granted his players 
a definite structure in which to produce plays, and half 
a century later saw the birth of the Elizabethan drama. 
Yet artificial lighting was practically unknown in Eng- 
land until 1682, when Sir Christopher Wren built the 
first theatre, Drury Lane, and Inigo Jones contrived 
the stage mechanism. Candles were then used, and a 
“patent stage lamp” invented in 1785. At the Lyceum 
the esthetic value of lighting was first completely 
studied. 


To-day stage lighting is both a craft and an art, 
calling both for esthetic perception and engineering 
skill. In the ordinary theatre light is still used in 
substantially the same way as the candles in 1775 and 
gas in 1880. Lighting is achieved by (1) the over- 
head batten, (2) the foolights, (3) Standard Arc lights, 
(4) bunches of glow lamps behind transparencies. The 
chief fault is the hardness of the unnatural shadows 
and lack of diffusion. Nature has two methods of 
lighting—by parallel beams from the sun and the light 
from the diffused sky. Old-fashioned methods quite fail 
to imitate the second form of natural lighting. A com- 
plete illuminating surface resembling the sky cannot 
easily be obtained. Mr. Gordon Craig, who used over- 
head inverted arcs some years ago, attempted to meet 
the difficulty, but did not illuminate the actor's face. 
The Fortuny system, utilising reflection from colored 
sheets of silk, etc., is excellent both as regards delicate 
color-matching and shadow effect. A tightly-stretched 
field of colored silk, illuminated by white open arcs, 
returns a reflecting light which is strictly diffused and 
casts practically no shadow. This is the basis of the 
Fortuny system, and the results are very beautiful, 
since slow graduations of light can be used and colors 
mixed on the reflecting screen, just as an artist mixes 
the colors of his palette. Escape of reflex light is 
guarded against by the use of black velvet, which has a 
coefficient of reflection of only 2 per cent. Of special 
beauty is the Fortuny “firmament,” which may con- 
sist of a semicircular wall painted azure blue, and 
stretching from the floor of the stage, well above the 
line of sight of the auditorium. The drawbacks to this 
system are that it requires a specially-designed theatre, 
involves much loss of light by reflection, and means 
high cost of maintenance. 

At the Court Theatre I have tried to produce the 
diffusion of the Fortuny system by less complex meth 
ods, by using a series of gas-filled lamps of 1,000 
candle-power at an angle of 45 degrees, colored by 
gelatines and rendered semi-indirect by treated glass 
screens. The footlights are also indirect. To imitate 
the Fortuny artificial sky, a large semi-circular cloth 
painted azure, up high, but shaded to gray in the lower 
parts, is used. This is likewise illuminated by tilted 
1,000 candle-power gas-filled lamps, spaced to give uni- 
form illumination. Semi-indirect movable lights are 
also used on the stage. There are, however, still diffi- 
culties in getting the requisite uniformity of tint and 
gradual changes of color in imitating sunlight and sun- 
rise, The method, however, seems to mark a distinct 
advance. 

The art of stage lighting is assuming an importance 
second to none. The great success of Rheinhardt’s 
productions lay in his power of synthesising ability 
and combining the skill of the painter, the sculptor, 
the engineer, and the psychologist. Stage lighting may 
be said to be unnatural, but all art is unnatural; yet 
art is not of necessity crude or grotesque. To see an ac- 
tor with four shadows around, as it were, in the center 
of a gigantic St. Andrew’s cross, is highly grotesque 
and disturbing, whereas to see him with one unnatural 
deep shadow may be improbable, but yet beautiful. 
The whole question of lighting in relation to stage 
effect deserves most careful study. 


* Abstract by the Journal of the Royal Society of Arte « of 
paper read before the [lum neering Society by 
Mr. J. B. Fagan, of the Royal at Theatre 
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By Capt. Faville C. Poulton, O.B.E.,A.M.I.E.E., erc. 


Tue wind motor, as a branch of engineering, is 
provably the oldest and also, until very recent times, 
the most neglected form of generating power. This 
is possibly due to the natural d.sdain one has for 
anything that can be had for almost nothing, and to 
the unreliability of the wind. Until lately it could 
only be used at the moment when it was blowing; 
but with modern and effic.em systems it is now possi- 
ble to conse:ve or accumulate this power, and so 
render it available in the form of energy when and 
where requ.red. It is a very common thing to hear 
even experienced engineers say ‘Ihe wind motor is 
not efficient.”” I beg to claim a good case for its 
consideration on “efficient grounds,” if no others. 

There are only three power-preducers worthy of 
notice, namely, coal, water, and,air. If we take in 
each case a plant of the same horsepower, and gen- 
erate electricity at the same efficiency for the dyna- 
mo, we shall have the following figures: Water-power 
with a modern plant gives 70 per cent.; air with a 
modern wind motor properly installed gives 15 per 
cent.; coal with a modern steam-plant coal at 15,000 
B.T.U. per lb., gives 13 per cent. Thus I feel that 
there is room for the wind motor in these days of 
super-economy in all appertaining to coal usage. 

As this article is dealing only with wind motors 
1 will not say anything further about either of the 
others, except perhaps a word here and there in 
comparisons. 

WIND MEASUREMENTS AND METHODS OF MEASUREMENT. 

The wind, at any point of the earth’s surface, is 
constantly varying in strength and direction through- 
out the year. The change in direction may be mo- 
mentary, or a decided change in compass direction. 
The former changes are due to local conditions and 
influences, such as surrounding objects which may 
exert their influences by deflecting the wind. These 
have to be considered by the wind motor erectors, 
who must choose a position as free as possible from 
such disturbances. 

Whilst it is true that the earth’s contour at any 
given locality has a great influence upon the prevail- 
ing winds at that place, at altitudes above the in- 
fluence of the surface the prevailing direction of the 
winds in many places is well defined, and at certain 
places they have the name of “Trade Winds.” Ina 
mountainous country the wind naturally takes the 
direction of the valley. 

A wind is not a steady moving volume of air but a 
series of small waves of wind of varying velocities 
within the large volume, just as the resultant voltage 
of an alternating dynamo is made up of many inter- 
voltages, many of which are higher than the result- 
ant voltage. 

The measurement of wind velocities is one of the 
important duties of the Meteorological Observatory 
Stations, and self-recording instruments are installed 
in most of these. These instruments are usually one 
of two types: (1) Pressure recorders; (2) the ‘“‘Rob- 
inson”’ anemometer. The latter is the most used, 
and consists of four semispherical cups, hollow and 
fixed at the ends of four arms, made so as to be 
capable of rotation with a minimum of friction. The 
wind operates on the concave side of one and the 
convex side of the one on the opposite arm, causing 
rotation due to unbalanced pressure. The speed of 
rotation is calibrated, and forms a record on a drum 
through suitable gearing on to paper. The pressure- 
recording instrument responds to the rapid fluctu- 


ations of the inter-wind of a steady wind; thus these . 


records give not a line but a series of maximum and 
minimum readings, just as does the oscillograph 
with an alternating current. 

An examination of the records of the nearest ob- 
servatory will tell those who propose to erect a wind 
motor the prevailing direction of the winds and the 
extremes in intensity, as well as the average veloci- 
ties. 

As a wind motor is capable of taking advantage 
of winds from any point, it Is not of great moment 


to know the directions from which they come, ex- , 


cept in cases when they come from one direction and 
are of very excessive violence, when the. eng’neer 


will have to take extra precautions in designing. - 


What interests the air motor engineer is the average 


* From Journal of the Royal Soc. of Arte. 


Wind Motors’ 


Their Possibilities and Limitations 


velocity over a definite period, and the variation of 
veioc.t.es trom aay to aay. 

beto.e deciding upon tne type of wind motor, or 
even wue.iner it 16 adV.ssaue LO erect one at aii, the 
eng.neer snouid Ovta.n access to tne records of tae 
nearest Ovse.vacory, when it will pe qu.iie possipie 
to predict with very cons.derabie accuracy woat may 
be Ou.a.ned [rom a Mo.or smouid at ve w.ta- 
in @ deuniie G.8crict and unuer certain cond.t.ons of 
locality. ‘Lhus, e.g., it may be pointed out tmat for one 
month, takeu at randum, OL pussiwie 
bou:s was 31x 24=—(44, and the numper of hours 
waich the wind eacceded mues per nuur 
was oV/; trom Lhis it is seen that, shouid tae motor 
have been set to operate tui] load at 10 mules per 
hour, there was 41 per cent. of the poss.bie tume 
when it could have been usefully empioyed tor tuil 
load. ‘lhe:e aie, 1 can say, very lew s.at.onary 
Steam plants that wouid be expecied to do this, and 
4% sleam pliant when not in use tor short periods con- 
sumes coal or fuel, which can hardly be said of the 
wind motor; and, further, it would in all probability 
have generated from one-quarter to full power for a 
turther 25 per cent. of the time. It has therefore 
been possible to have available 41 per cent. of 744 
hours full load and 25 per cent. of 744 hours at, say, 
half load. Assuming a unit of power to be 1 h. p. 
at the dynamo terminals, the motor would have 
stored in an. accumulator some (746x307)+ 
(7462) x 188=229,022+70,124=299,146 waits, or 
2,990 Board of Trade units. The efficiency of the 
accumulator is slightly above 95 per cent.; but, tak- 
en at a very conservative basis of 90 per cent., there 
is actually available for operating, lighting, and 
motors, some 2,971 Board of Trade units. 

With reference to average winds, these are for the 
United Kingdom a little in excess of 16 miles per 
hour for almcst eight hours per day for over two- 
thirds days in the year. These averages are season- 
al, and made up as follows: January, February, and 
March, 16.8 miles per hour; April, May, and Jung, 
17.2 miles per hour; July, August, and September, 
13-6 miles per hour; October, November, and Decem- 
ber, 16.5 miles per hour. Also, it is well to note 
that all winds from north-west, north, north-east, 
and east, have an average velocity just in excess of 
one mile per hour of any other compass direction. 

The pressure of the wind is not proportional to the 
velocity, for if a wind of, say, 25 miles per hour 
gives a pressure of 1.8 1b. per square foot, a wind of 
50 miles per hour at the same point would give a 
pressure of 7.5 per squar foot. I say both tests 
taken at the “same point” advisedly, for altitude 
has, as I will attempt to show later, to be considered. 
Thus it is possible to construct a wind motor with a 
definite sail area that will give theoretically all the 
following powers with varying wind velocities at one 
situation and with the barometer constant:— 


Horse-power. Wind at miles per hour. 
2 8 
5 10.75 
7 oe 14 
8 as 16.25 
9 ti 19 


With reference to the altitude at which the wind 
motor is to be erected having any effect upon its 


efficiency, I believe I am right in saying that this - 


point has never yet received any consideration from 
the designers or manufacturers, and to my mind it 


has a considerable bearing upon the resulting ef- 


ficiency ef the plant. At sea-level we have 29.5 in. 
of mercury, at 1,000 ft. reading 28.5: this, with (as 
is usually the case in the United Kingdom with high 
altitudes) a low atmospheric pressure due to rain, 
will give a further 1 to 1.5 in., bringing it for 1,000 
ft. to 27.5, or 27 in. .This points to a rarefied state 
of the atmosphere (as the aeronauts have proved.) 
This rarefication of the atmosphere produces on the 
wind motor what is the equivalenc to the slip on the 
aeronaut’s propeller. Thus a wind with a velocity 


of 8 miles per hour at this altitude would not pro- . 


duce 2 h. p. as it wouid at sea level, but 91 per cent. 
of 2.h.p. .Reyerting to the. number: of B.T.Us of 
electricity produced we should now have only 2,700 
instead of 2,971, or a definite loss due to putting ap 
the wrong size of motor of 270 B.T.Us, which, for 


— 


one month’s working, is a considerable loss, espe 
cially when efficiency has to be considered, and the 
extra first cost would hardly be noticed in increase 
of capital outlay. 


THE MODERN WIND MOTOR. 

The modern wind motor is absolutely unlike its 
ancestor, which had, as a rule, arms or sails with 4 
diameter or sweep of up to 40 ft. The modern one 
has what may be termed a wheel with a number of 
Slats set at an angle. The largest wheels are 50 ft, 
in diameter, but the majority are from 10 to 15 ft, 
in diameter; in fact, there is a tendency for the 
manufacturers to make 12 ft. a standard. These 
motors are erected upon steel towers which, ac- 
cording to local conditions, may be anything up to 
80 ft. high. 

The steel tower must be well braced and a lad. 
der provided to give access to the platform at mill 
head. Water tanks are sometimes mounted some 
way up the tower, which renders necessary heavier 
construction to withstand the extra strains and 
stresses. 

The foundations must be of concrete in whic! the 
uprights are properly embedded. No departure 
from this should ever be permitted without the 
sanction of a qualified engineer, as an overturning 
wind motor is a very serious catastrophe. 

The steel towers are usually of light angle iron. 
I have seen three-legged motors, but I would 
strongly deprecate this practice as a false economy, 
for it renders overturning and buckling more liable 
to happen. The wheels are constructed of either 
galvanized iron or wood, the detals of construction 
of these vary in details and principles: 

1. Those having moving vanes or sails. 

2. Those having fixed vanes or sails. 

Any tendency of the wheel to collapse is over- 
come by one of two methods: 

1. Extending the axle and attaching, by means of 

a star casting, guy rods, which are fastened 
to the wheel at a radius from the center. 

2. By having the radius of the wheel forward of 

the axle line. 

The essential parts of a wind motor are: 

1. The wheel. 

2. Method of keeping it up to the wind at all 

times. 

3. Method of transmitting the generated power 

to the required point. 

4. Safety devices, such as self-luffing and govern- 

ing. 

5. Starting and stopping gear. 


THE WHEEL- 

This can be from 6 ft. to 50 ft. in diameter— 
the latter is exceptional. The sails are made of 
either wood or metal. When the cost of aluminum 
is reasonable this will be an ideal metal for sail 
manufacture. Metal is better than wood in so much 
as it can. be shaped to the most advantageous curve. 
(This is a subject that can hardly be entered upon 
in this article, but I will give any information, if 
desired. I will only say here that this curve has a 
very great effect upon the efficiency of the motor at 
a given wind velocity at a given density.) 


VEERING APPARATUS. 

The majority of wind motors have a tail vane 
upon an extension, upon which the wind acts until 
it has brought the wheel fully into the wind. When 
it is desired to stop the motor it is brought paral- 
lel with the wheel, thus causing the wheel to come 
parallel to the wind. This is operated from the 
ground by a chain. 

Unless the tail is the correct size the head of the 
mill will either oscillate all the time, and thus cause 
serious unnecessary strains on the whole structure, 
or it will prevent the wheel from rapidly turning ‘to 
the wind. 

TRANSMISSION: APPARATUS. 

This depends upon what kind of -machinery the 
motor is intended to operate, for there-are various 
types of transmission—namely, rotary, reciprocating. 
electric. The first two are commonly used, and 
the last I am now having constructed for my ow” 
use. 
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SAFETY DEVICES. 
These are automatic governors to prevent 
motor from destroying itself by running away in a 
storm, and are of the following types: 
Automatic alteration of the angle of the sail to 
the direction of the wind, according to its ve- 
locity. 
Automatic change of angle of wheel in relation 
to the direction of the wind. 


STARTING AND STOPPING GEAR. 

In the case of movable sails these are made to go 

parallel to the wind; in the other cases the tail is 
slewed round to become parallel with the wheel. 


POWER OF A MODERN WINDMILL 

(WIND MOTOR) 
lt half a dozen wind motor manufacturers were 
examined it would be noticed that haz:aiy two would 
quote the same power for the same sizec motor, and 
if ‘his form of prime mover is to nave fair play it 


must have a form of rating that the ordinary pur- 


ehaser will recognize. The following is my sug- 
gesiion for the way in which a specification should 
be drawn up: 

1. Horse-power required. 

2. Altitude or height above sea-level. 

}. Wind at miles per hour at which the mill will 
giv: horse-power in No. 1. 

4. Diameter of wheel. 

5. Speed regulation to within 2 per cent. 
fluctuating wind. 

6. Revolutions per minute. 

7. Can be set to a maximum horse-power at a 
wid velocity of « miles per hour. 

8. Height of tower. 

9. Price. 

10. Regulation, type of. 

11. Braking, type of gear, 

12. Throwing out gear, type of. 

Type of drive. 

With this information given, it wouid be possi- 
ble to have a definite power for any altitude and 
wind velocity. In cases where a specially fine speed 
regulation is necessary—as, for instance, ‘“‘weaving”’ 
— this can be obtained by one of two methods: (1) 
Cone pulleys connected by a belt; (2) weighted 
pulley to allow slipping belt. In the case of electric 
generation with the modern dynamo it is possible 
for the dynamo to regulate itself to an extent that 
renders special regulating gear unnecessary, for the 
voltage is maintained constant at any load from zero 
to full load. 

With reference to the advisability of installing 
wind motors of large diameters, I am of the opinion 
that it is far more efficient to have many mills of 
reasonable size than a few very large, for the following 
reasons: (a) Excessive weight of wneei necessary to 
withstand the stresses; (b) large starting torque; (c) 
lurge and heavy towers necessary; (d) great ex- 
pense from causes (a) and (c). In fact,-for equal 
safety factors the weight of the wheels should be 
proportional to the cubes of their diameters. It 
would require, however, four mills of 6 ft. di:ameter 
(o equal the power of one mill of 12 ft. diameter 
but this tower would require to be not less than 
twice the weight of the four smaller towers com- 
bined. To sum up, it would be more econom:cal 
and efficient to have smaller units coupled together 
for the reasons: (a) lower starting torque; (b) be- 
ing separated they would get more wind; (c) higher 
all-round efficiency and easier regulation; (d) risk 
of a complete breakdown reduced to a negligible 
minimum. It has frequently been stated that a bat- 
‘ery of connected wind motors is not satisfactory; 
but with modern methods this is not only satisfac- 
‘ory but highly efficient. 

Taking the average wind for the United Kingdon 
for 1918, I find that out of a possible 8,760 hours 
the wind blows at: 

8 miles per hour and over for 7,708 hours, or 88 
per cent. of possible hours. 

10 miles per hour and over for 6,854 hours, or 71 
ver cent. of possible hours. 

12 miles per hour and over for 6,256 hours, or 60 
per cent. of possible hours. 

15 miles per hour and over for 3,941 hours, or 45 
per cent. of possible hours. 

20 miles per hour and over for 2,452 hours, or 28 
per cent. of possible hours. 

25 miles per hour and over for 1,576 hours, or 18 
per cent. of possible hours. 

30 miles per hour and over for 700 hours, or 8 per 
eent. of possible hours. 


with 


Now, taking the average working week at forty- 


ee this would appear to ‘be twenty 
nrifes* per hour Hect to locality). 

The next “*donsideratibn is, when is the work re- 
quired to be done? -If it is possible to do the work 
when the wind blows,‘as uséd to be the case in 
flour-milling, the probidm is ‘simple, as no accumu- 
lation of power is necessary against the times when 
the wind is not blowing; but as ‘Only very few opera- 
tions can~be carried out under these conditions, it is 
necessary to have some form of accumulator to store 
the power so that it can be used at convenient 
‘hours. This accumulation can be done by several 
ways, as, for instance: Electrical accumulators; 
hydraulic accumulators’ Each ‘of the above has ad- 
vantages over-the other for certain duties. Thus 
for a small engineering works the electrical is ad- 
visable if machine drive is required, but when hy- 
draulic machines are required the hydraulic accumu- 
lator is more suitable. 

As to the question of costs, assuming the wind 
motor to deliver 2 h.p. at sea-level for a wind ve- 
locity of twenty miles per hour, the size of wheel 
would be 16 ft. in diameter, and the cost: Wind 
motor, £90; accumulators, £80; dynamo, etc., £20; 
total, £190—-say, £200. Interest at 5 per cent., £10; 
depreciation at 7 per cent., £14; upkeep, ete., £5— 
total, £29. Thus there is available 2 h.p. for 2,400 
hours for 292, which works out at 0.8d. per horse- 
power hour, and there is no power except water that 
can be generated for this figure in small units. 
Should it be desired to have a large unit, say, a mill 
or lighting plant, it is not advisable to have exces- 
sively large wind motors as has already been pointed 
out, but to utilize a standard size and have these 
arranged to work together in an efficient manner on 
to a common shaft. 

Among the practical applications to which wind 
motors can be put, are: 

1. Corn grinding. 

2. Pumping. 

3. General farm machinery— 

(a) Power-driven wood saw. 

(b) Chaff cutter. 

(c) Swede cutter. 

(d) Corn crusher. 

(e) Hay press. 

(f) Potato-washing machine. 

(g) Butter-making machine. 

(h) Cheese-making machine, etc. 


hours. fifty weeks per year, the most eco- 


4. Workshops— 
(a) Engineering: lathes, grinders, millers, 
ete. 
(b) Joiners: lathes, saws, etc. 


(c) Smiths, blowers for forges and power 
hammers, etc. 
(d) Bootmakers and repairers’ machines. 
(e) Woollens (knitting machines). 
(f) Sewing machines. 
(g) Small weaving machines and looms. 
(h) Village lighting. 
5. Generation of electricity for light and power. 
Each of the above requires individual cons'dera- 
tion to obtain the best results. To the writer’s 
knowledge there are many plants operating with 
every satisfaction on Nos.°2, 3, 4, and 5. 


How Could a Rotating Body Such as the Sun Become 
a Magnet ?* 
By Sir Joseph Larmor. 


The obvious solution by convection of an electric 
charge, or of electric polarisation is excluded; because 
electric fields in and near the body would be involved, 
which would be too enormous. Direct magnetisation is 
also ruled out by the high ‘température, notwith- 
standing the high density. But several feasible possi- 
bilities seem to be open. 

(1) In the case of the sun, surface phenomena point 
to the existence of a residual internal circulation 
mainly in meridian planes. Such internal motion in- 
duces an electric field acting on the moving matter: 
and if any conducting path around the solar axis hap- 
pens to be open, an electric current will flow round it, 
which may in turn increase the inducing magnetic 
field. In this way it is possible for the internal cyclic 
motion to act after the manner of the cycle. of.a self- 
exciting dynamo, and maintain a permanent magnetic 
field from insignificant beginnings, at the expense of 
some of the energy of the internal circulation. Again, 


* From Eng ish Mechanic and World of Science. 


if a sunspot is regarded as a superficial source or sink 
of radial flow of strongly ionised material, with the 
familiar vertical features, its strong magnetic field 
would, on these lines, be a natural accompaniment; 
and if it were an inflow at one level compensated by 
outflow at another level, the flatness and vertical re- 
striction of its magnetic field would be intelligible. 

(2) Theories have been advanced which depend on 
a hypothesis that the force of gravitation or centrifugal 
force can excite electric polarisation, which, by its 
rotation, produces a magnetic field. But, in order to 
obtain sensible magnetic eifect, there would be a very 
intense internal electric field such as no kind of mat- 
ter could sustain. That, however, is actually got rid 
of by a masking distribution of electric charge, which 
would accumulate on the surface, and in part in the 
interior where the polarisation is not uniform. The 
circumstance that the two compensating fields are each 
enormous is not an objection; for it is recognised, and 
is illustrated by radioactive phenomena, that molecu- 
lar electric fields are, in fact, enormous. But though 
the electric masking would be complete, the two dis- 
tributions would not compensate each other as re- 
gards the magnetic effects of rotational convection: and 
there would be an outstanding magnetic field compar. 
able with that of either distribution taken separately. 
Only rotation would count in this way; as the effect of 
the actual translation, along with the solar system, 
is masked by relativity. 

(3) A erystal possesses permanent intrinsic electric 
polarisation because its polar molecules are orientated: 
and if this natural orientation is pronounced, the po- 
larisation must be nearly complete, so that if the 
crystal were of the size of the earth it would produce an 
enormous electric field. But, great or small, this field 
will become annulled by masking electric charge as 
above. The explanation of pyro-electric phenomena by 
Lord Kelvin was that change of temperature alters 
the polarisation, while the masking charge has not 
had opportunity to adapt itself: and piezo-electric phe 
nomena might have been anticipated on the same lines. 
Thus, as there is not complete compensation magneti- 
cally, an electrically neutralized crystalline body mov- 
ing with high speed of rotation through the ether 
would be expected <o produce a magnetic field: and a 
planet whose materials have crystallised out in some 
rough relation to the direction of gravity, or of its ro- 
tation, would possess a magnetic field. But relativivy 
forbids that a crystalline body translated without rota- 
tion at astronomical speeds should exhibit any mag- 
netic field relative to the moving system. 

The very extraordinary feature of the earth’s mag 
netic field is its great and rapid changes, comparable 
with its whole amount. Yet the almost absolute fixity 
of length of the astronomical day shows extreme sta 
bility of the earth as regards its material structure 
This consideration would seem to exclude entirely the 
ories of terrestial magnetism of the type of (2) and 
(3). But the type (1), which appears to be reason- 
able for the case of the sun, would account for mag- 
netic change, sudden or gradual, on the earth merely 
by change of internal conducting channels: though. 
on the other hand, it would require fluidity and resi 
dual circulation in deepseated regions. In any case. 
in a celestial body residual circulation would be ex 
tremely permanent, as the large size would make effects 
of ordinary viscosity nearly neglible 


Concrete Mine Timbers 


Hollow concrete posts for use as mine timbers have 
been devised by a Belgian engineer. The new system. 
which is designed to permit of settlement if the sup- 
pert is overburdened, consists essentially of a hollow 
reinforced-concrete column, filled with sand or some 
other slightly compressible material through which the 
load is transmitted. In one form the timber is in 
three parts. An arch for the roof is of pre-cast con- 
crete and is provided with a tenon which fits into an 
opening in a hollow post. The bottom of the post fits 
over a tenon on a base block. Spiral reinforcement is 
provided for the post, which has to resist, at the begin- 
ning of loading, the radlal compression of the sand 
which fills the hollow and which is compressed under 
load on the frame. If the roof settles, the sand will 
compress a certain amount, and if this amount is be- 
yond the length of the tenon the post commences to 
take compression. 

In another form the roof is supported by a direct 
wooden post penetrating into the top of the onvening 
in the hollow concrete column. The movement, in the 
event of a settlement of the roof, is taken care of by 
the ejection of the sand through an opening at the 
bottom.—Abstracted from Genie Civil, by the Technteal 
Review. : 
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When rough hewing a block for a piece of statuary the contours are deter- 


mined by a simple gage 
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Tools operated by compressed air now take the place of mallet 


and chisel 


Mechanical Aids for the Sculptor 
Modern Machine Tools for Carving and Cutting Marble 


me:il 


quen 

By Gordon Van der Veer has 

with 
It was Michael Angelo, we believe, who said that From here on, however, the work calls for an ex- being expedited by the use of suitable abras:ves. mad 
the art of scuipture cons.sted merely in cutting away pert, and can be done only by a highly skilled scar- Diamond saws have also been used to considerable mar: 
from a block of stone the parts that you d.d not pellino. The difference between the old masters and extent, the saws consisting of steel disks on the plish 

want, and he was wont to illustrate the definition by the modern sculptor is that the former combined the periphery of which black diamonds are embedded. bu 
attacking a block of ma.ble with such v.gor that big creative talents with the skill of the scarpellino, With the advent of carborundum, however, the mad 
p.eces of s.one new in all directions from under his’ while the latter seldom possesses the ability of ac- machining of stone has developed by leaps and deliv 
chisel and hammer. Modern sculpture is hardly tually transferring his creation to the stone. On bounds. We now have machines for sawing, planing ture 
effecced .n that way. The sculptor of today seldom the other hand the highly skilled scarpeimno of today and turning stone, and to these machines the hardest Wes 
puis h.s hand to the stone. In fact, there are many seldom possesses any creative talents and no matter of materials must y:eld. The stone is cut almost Tl 
sculptors who do not know how to handle the chisel, how expert he may become at carving, is never any- as readily as soft steel in the machine shop. The mari 
confining their manual efforts to clay and wax. In thing more than a copyist. carborundum saw consists of a steel wheel with car- itsel 
some cases even the model is made by ass.stants It seems strange that although stone was one of borundum bonded to its periphery. The saws are atta 
from skeiches furnished by the sculptor. Fortu- 1. arst materials worked by man, dating back to often mounted in gangs, so as to cut a number of extr 
nately such instances are rare, but at all events slabs of stone at a single run. Ornamental columns, to 1 
M:chael Angelo’s definition hardly applies to present newel posts and the like are first roughly shaped whe 
day practice. with a saw. The block is mounted in the lathe and posi 
Now-a-days a preliminary sketch is first carefully slowly turned against a saw, which cuts a series T 
modeled in clay or wax. This is made on a small of parallel kerfs to the requisite depth. Then the subr 
scale and it is here that the sculpior exercises his stone between the saw cuts is broken away and the be f 
creative art. Then if the statue is to be made life roughed out block is pressed against a revolving car- rang 
sized or colossal, an “armaiure’ is constructed, borundum drum molded to give the stone its fin- for 
which consists of a skeleton of iron bars roughly ished shape. The final process is to polish the stone rieti 
conform:ng to the pose of the figure. This is mounted with another finer grade of carborundum drum. fects 
on a revolving platform, so that all parts may be In art work we can hardly expect to find machines of ¢ 
turred to the light, facilitating the work of the used extensively, but the work of the scarpellino forn 
sculptor. On the armature modelling clay is applied is now cons:derably expedited by the use of pneu- phot 
and the miniature model is faithfully reproduced in matic tools. Chisels driven by compressed air, on cire 
full scale. The next step is to apply plaster of Paris the same principle as the pneumatic rivetter, eat insti 
over the clay to form piece molds. The plaster pieces away the stone very rap‘dly, and the cutting can phot 
are then removed and reassembled to form a hollow be controlled even more readily than with the fron 
mold. A hollow plaster cast is made within the hammer. Machines are also used for forming pedes- in ti 
mold by pouring in a thin mixture of plaster and tals and for cutting the curved moldings that are suit 
washin it around until it forms a coating on the used to frame carved panels. A photograph of.such a The 
mold. The work is completed by removing the piece machine is reproduced on the opposite page. De- and 
mold and, if the mold has been carefully fitted to- spite the sculptors’ aversion to anything mechanical, stati 
gether ,the. resulting cast will scarcely show any machines are actually forcing their way into the soul 
lines where the pieces were joined. The sculptor may realms of art, and there is no reason why they should to s 
then put the finishing touches on the plaster model. not, particularly as the actual carving of stone today v1 
Theieafter the work is merely one of copying the is really a process of copying. Surely it is permissi- rect! 
plaster model in marble, and this is left in the hands ble to reduce the drudgery of this work with me- over 
of assistants. chanical aids. However, the final touches express the type 
A “pointing machine” is used for roughing out skill of the expert scarpellino and for this work he usu- shor 
the work. The plaster model is set on a block and ally prefers to stick to the old time chisel and ham- both 
all the salient points are marked. The marble is  ©opyright by Prem Publishing Service mer. diap 
set on an adjacent block and by means of the point- A marble carver verifying points on a figure by the 
ing machine the same marks are transferred to it. means of special dividers sina 
The pointing machine consists of a series of levers The Largest Clamshell Bucket. phre 
that operate somewhat on the principle of a panta- the prehistoric ages, it was one of tne tast of ma- The huge clamshell bucket used to dredge the ap- von 
graph. The marble is bored at the points indicated terials to yield to machine tools. Until within re- proaches to the drydock at Sparrows Point, Md., is tori 
by the pointing lever at such an angle and to such cent years only the chisel and hammer were used Claimed to be the largest in the world. The bucket ing 
a depth as to bring a “needle” at the other end of to shape stone, even for architectural and commer- alone weighs 40,000 Ibs. and will lift 30 cubic yards fact, 
the lever directly on the mark on the model. In cial purposes. The earliest machines for sawing of mud ata bite. The capacity of the bucket has been on, 
this way the marble is bored with a series of holes stone consisted of toothless iron saws which wore increased by using side boards above the jaws to pola 
ind’cating where and to what depth it is to be chis- their way through the stone with the aid of sharp hold in the extra material which rises above the top. ee 
elei away. A man known as @ scarpellino then cuts sand and water. A later development was an end- Specially dump scows had to be designed for use with — 
away the stone down to the bottom of the holes. less band of steel wire. This is run at high speed this dredge to take the shock of the heavy loads u 
This does not require a great measure of skill and around a couple of pulleys. Stone pressed against dumped upon them. Ordinary scows would soon have bi-d' 
serj 


fe entrusted to comparatively inexperienced hands. 


the wire is slowly worn away, the cutting action 


been wrecked in such heavy service. 


| 288 SCIENTIFIC AMERICAN SUPPLEMENT No. 2286 \ 
/ 
4 
~ 
and 


ras:ves, 
Jerable 
on the 
ed. 
pr, the 
and 
ylaning 
lardest 
almost 
The 
th car- 
ws are 
ber of 
lumns, 
shaped 
he and 
series 
en the 
nd the 
ng car- 
ts fin- 
> stone 
1m. 
chines 
‘pellino 
pneu- 
ir, on 
r, eat 
g can 
h the 
pedes- 
at are 
such a 
De- 
inical, 
o the 
hould 
today 
‘missi- 
h me- 
ss the 
usu- 
ham- 


ap- 
is 
ucket 
yards 
| been 
vs to 
top. 
with 
loads 
have 


November 15, 1919 


SCIENTIFIC AMERICAN SUPPLEMENT Noa. 2286 


< 


apt 


Large blocks of marble are sawed into slabs of any desired thickness 


by this machine 


Submarine Acoustics. 
By F. Lloyd Hopwood. 

The war has been responsible for great develop- 
meits in many branches of science. As a conse- 
quence of the submarine menace, close attention 
has been given to the subject of marine physics, 
wiih the result that notable advances have been 
made in several directions, especially in that of sub- 
mar.ne acoustics. Much of what has been accom- 
pl shed is still regarded as confidential information, 
bul some interesting disclosures have recently been 
made by Prof. W. H. Bragg in the Tyndall lectures 
delivered before the Royal Institution, and in a lec- 
ture at the British Science Guild’s Exhibition at 
Westminster. 

The singular property which distinguishes a sub- 
marine from other ships is its capacity of rendering 
itself invisible when pursued or when seeking and 
attacking its prey. Robbed of this power, it is an 
extremely vulnerable craft, and falls a ready victim 
to more heavily armed and amored surface ships 
when once its presence has been detected and its 
position located. 

The acoustic method of detecting a submerged 
submarine moving in the open sea was found to 
be far more sensitive and to give a much longer 
range than all other methods. Instruments used 
for this purpose are called hydrophones. Many va- 
ricties of hydrophone have been evolved and per- 
fected, but by far the largest class consist essentially 
of a microphone attached to a diaphragm which 
forms one wall of a watertight cavity. The micro- 
phone is connected through a suitable electrical 
circuit to ordinary telephone receivers, the complete 
installation resembling a unit of an ordinary land tele- 
phone system. In use the hydrophone is suspended 
from the bulwarks of a stati6nary ship, or mounted 
in tanks attached to the hull, or trailed behind in a 
Suitable “fish’’ body in the case of a moving ship. 
The range of a hydrophone depends upon the size 
and speed of the source of sound, the depth and 
state of the sea, the presence of other sources of 
sound, ete., and may vary from a few hundred yards 
to several miles. 

The difficulty of ascertaining the di- 
rection of a source of sound has been 
overcome in a number of ways. One 
type of directional hydrophone is 
shown in Fig. 1. In this instrument 
both sides of the sensitive receiving 
diaphragm are in contact with the sea, 
the microphone being incased in a 
small capsule at the center of the dia- 
phragm. If used in this form the in- 
strument is deaf to sounds in its equa- 
torial plane, but can hear sounds com- 
ing from other directions. It is, in 
fact, the reciprocal of the hypothetical 
“double source” of Helmholtz. The 
polar curve, showing the dependence of 
its response upon its orientation with respect to the 
source, is given in Fig. 2. 

It is obvious that the ambiguity involved in the 
bi-directional qualities of such an instrument would 
seriously diminish its efficiency in actual practice, 
and accordingly a modification was introduced to 


Fig. 2 Direction-sensitiveness polar curve of a b’- 
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eliminate this defect. This consisted in the attach- 
ment to the hydrophone carcass, at some distance 
away from the sensitive diaphragm ,of a bias plate, 
or “baffle,’”’ as it is now called. This can be seen 
in the side view of Fig. 1. When correctly adjusted 
in position, the ‘“baffle’’ modifies the polar curve 
of Fig. 2, so that it takes the form shown in Fig. 3, 
and, as can be readily seen, renders the hydrophone 
uni-directional. 

The construction and properties of ‘‘baffles’’ are 


Fig. 1. Unidirectional hydrophone 


very interesting, and have been the supject of pro- 
longed investigation. The mathematical theory of 
their action has not been worked vut fully, as it is 
difficult to specify all boundary conditions. More- 
over, the phenomena are of the diffraction type, in 
which the obstacle is small compared with the wave- 
lengths of the incident disturbances. A fairly com- 
plete empirical knowledge of their properties has, 
however, been obtained. The essential feature of 
their construction is the inclusion of a film of gas 
in a non-resonant enclosure. If the “‘baffle’’ is placed 
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under-water source of sound could be ascertained 
by making use of a number of hydrophones which 
do not themselves possess intrinsic directional prop- 
erties. In the first of these use is made of the bi- 
naural principle. Two hydrophones are mounted 
on a rotating arm at a distance apart of from six 
to eight feet, one hydrophone being connected to the 
right ear-piece of the observer’s telephone, and the 
other to his left ear-piece. If now the wave-front 
of the oncoming sound str’kes the right-hand hydro- 
phone first, the sound appears to come from the 
observer's right. On rotating the arm the hydro- 
phone on the left side can be advanced so that the 
sound appears to come from the left. By rotating 
the device until the sound appears to come from 
ahead or astern, the observer is enabled to detect 
the direction of the source, a simple rule enabling 
him to resolve any fore-and-aft ambiguity. Instead 
of rotating the arm carrying the hydrophones, the 
angle which the wave-front makes with it can be 
found by compensating for the difference of path 
in water by introducing an equivalent length of air 
column between one or other of the observer’s ear- 
pieces and his ear. In this case three hydrophones 
have to be used in pairs in order to obtain the di- 
rection of the source uniquely, the bearings being 
read off from the calibrated scale of the ‘“‘compen- 
sator.”’ 

The second method consists in making use of the 
phase relationships between a number of hydro- 
phones distributed at regular intervals in a straight 
line. It is obvious that in this case sound-waves 
from a distant source arrive in phase only when 
it is situated on the beam of the line of hydrophones. 
By making use of a multiple ‘‘compensator’’ the 
phases can be corrected for all directions, and the 
bearing of the source read off from the ‘‘compensa- 
tor’’ when the observer has determined the setting 
for maximum intensity. 

One gratifying feature of the work on submarine 
acoustics done during the war is the possibility 
which it provides of rendering nav’gation more safe 
in times of peace. Used in conjunction with suitable 
sound signalling apparatus fitted to vessels. and sub- 
marine bells moored near dangerous 
shoals and rocks, the improved hydro- 
phones developed for war _ service 
should greatly reduce the dangers of 
collisions and shipwreck, due to fog, 
ete. 

Already hydrographic surveys of the 
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too close to the receiving diaphragm, the hydro- 
phone becomes non-directional, a limiting case being 
that in which one side of the diaphragm is com- 
pletely enclosed, and, therefore, ‘“‘over-baffled.”’ 

In his lectures Prof. Bragg also briefly described 
two other methods by which the direction of an 


North Sea are being carried out in 
which the position of danger spots are 
located for charting purposes by ex- 
ploding depth charges and recording 
the resulting disturbances at a number 
of hydrophones connected to land sta- 
tions. This method of submarine 
sound-ranging is by far the most accu- 
rate method of locating such spots, 
and also provides a means of enabling a ship at sea 
to obtain its correct bearings. By dropping a bomb 
hundreds of miles at sea, a ship can in a few minutes 
communicate its position to the nearest shore station 
and receive this information itself back again by 
wireless.—From Nature (London). 
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Electrical Conditions of the Earth and Atmosphere 


Their Influence Upon Animate Nature 


Although the subject of electrical conditions of 
the earth and atmosphere and their influence upon 
animate nature is one of widespread interest and 
importance, I have not been able to find any litera- 
ture dealing with it and am therefore encouraged 
to place such knowledge as I possess at the disposal 
of the general public. 

A few months ago I pointed out to the eminent 
English scientist, Dr. Russell, that in his admirable 
work, Soil Conditions and Plant Growth (Longmans), 
he had omitted all consideration of electrical phe- 
nomena. In his replay he said, ‘“‘We have not gone 
into this question of electrical conditions, because I 
am not yet satisfied as to the evidence.” 

Evidence there is, in plenty. That it has not been 
published is a matter for regret. Now that atten- 
tion is being directed to electro-culture it is very 
necessary to have some understanding of the part 
played by Nature, and of her methods before we 
seek to improve upon them. Experimentation with- 
out a starting point, a definitely ascertained basis 
of fact very seldom results in success, and in this 
case the basis is not wanting. . 

In countries free from frequent magnetic and 
seismic disturbances and in normal conditions of 
weather the earth is always the negative and the 
air the positive terminal of Nature’s electrical sys- 
tem. 

The air is not only charged by some source or 
sources of energy in the Solar System, or at all 
events above the air limit, but is from time to time 
the carrier of currents of high potential from clouds 
which acquire a static charge in the course of their 
movements. 

The earth, therefore, is perpetually in process of 
electrification, and its receptivity is dependent for its 
degree upon the conductivity of its upper stratum. 
Dry soil is a non-conductor, or at all events a very 
bad conductor of electricity, and uniformity of elec- 
trification could only be possible if the resistance 
of the upper stratum of the soil were everywhere 
the same. To that question we will, however, return 
later. 

Everything growing in the soil is charged—elec- 
trified—by the earth through the roots, rhizomes, 
stems and venation; the negative terminals of the 
tree, shrub or plant. The aerolae, or those parts 
of the leaves between the venation, take their charge 
from the positive air, so that there is in every case 
an ordinary electrical current, i.e., air to earth and 
back again through the plant to air. 

That, however, does not exhaust the phenomena 
we are about to pass in review. Earth-currents 
proper are set up both occasionally and frequently 
in different parts of the world by chemical reac- 
tions taking place in the earth itself and, further- 
more, modernity has, in some of the large towns, 
introduced a new factor in a multiplicity of electrical 
railways, tubes and tramway systems; and this fac- 
tor must be considered in relation to the accepted 
theory that, as compared with all other electrical 
tensions, the earth is “zero.” 

In certain localities and in abnormal weather in 
other localities, the earth may become very highly 
charged. The terms “positive’ and “negative” 
are misnomers. Let us substitute for them the words 
“plus” and “minus.” 

The air, the upper stratum and, hypothetically, 
stretching upwards to infinity, is always ‘‘plus,” the 
earth, usually, ““minus.”’ 

Between a charged cloud and the comparatively 
uncharged earth there is an air-space—the spark- 
gap, as it were—and unless the tension of the cloud 
is sufficiently high to bridge it no discharge can take 
place. Over a flat surface of ground or above a 
surface either very dry or composed of some 
dielectric material, such as shale or marl, the 
the cloud would pass without discharging, but when 
by reason of contour the distance between earth 
and cloud was lessened to one that the tension of 
the cloud could overcome, or, alternatively, tension 
being enough, a point was reached where the soil 
favored conduction, a transfer of potential from the 
plus cloud to the minus earth would at once take 
place, in exactly the same manner that a spark is 
obtained from a Leyden jar or induction coil when 
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the conducting knobs or points. are approached to 


each other. . 

Ordinarily such a discharge would, when received, 
be diffused over a wide area of ground, but let us 
suppose that it is directed to a pocket of earth 
in a basin of shale, or clay, or marl, or stone so 
that it could not be readily dissipated and that an- 
other cloud which had already discharged itself 
passed over the position within a distance over which 
the spark gap could be bridged. The result would 
be a discharge from earth to cloud, because the 
earth would have become the plus and the cloud 
the minus quantity. 

The Natural electromotive force of man—so far 
as it can be expressed in electrical terms—is about 
five millivolts, or five thousandths of a volt. He is 
almost as receptive of direct or induced charge as 
the earth is, and any sudden and violent interference 
with that electromotive force by an external source 
or vehicle of energy would temporarily have a mis- 
chievous effect upon his nervous system. 

That is a danger to which we are not ordinarily 
exposed, but to a modified extent we may regard 
the electrical phenomena consequent upon the op- 
eration of an electric railway as analagous to that 
we have been discussing, leading for electrified clouds 
the effect upon the air of alteration or load, while 
the iron-clad tubes, with their far from perfect in- 
sulation, must be responsible for artificial earth-cur- 
rents of considerable intensity. 

Similarly, in tramway lines where direct current 
is employed the overhead system is likely to affect 
the air locally, and the conduit system to charge the 
earth, although the range of inductive interference 
is not nearly so great as in the case of electrified 
railways and tubes. 

Quite apart from thunderstorms and kindred dis- 
turbances, the earth is electrically ‘“‘patchy’’; the 
potential and direction of current varying in differ- 
ent parts of the world. The mean of a series of 
tests taken at the instance of one of the great cable 
companies gave eight volts as the E.M.F. of the 
earth-current traversing short cables, but I am 
credibly informed that at Port Arthur it has some- 
times risen to 500 volts. 

Darwin found the neighborhood of the Rio Plata 
to be peculiarly subject to electrical phenomena, 
and on the East African coast the earth-current has 
remained at forty volts for many weeks in succes- 
sion. 

Flammarion attributed the Aurora Borealis to the 
striking of a balance, silent and invisible, between 
the two opposing tensions of the atmosphere and 
earth; the apparition of the Aurora Borealis in Swe- 
den or Norway being accompanied by electric cur- 
rents moving through the earth to a distance suffi- 
ciently great to deflect the magnetic needle in the 
Paris Observatory. 

The same writer expressed the opinion that the 
electricity which pervades the earth is identical with 
that which moves in the heights of the enveloping 
atmosphere, and that whether it is positive or nega- 
tive its essential unity remains the same, these qual- 
ities serving only to indicate a point, more or less 
in common, between the different charges. The 
heights of the atmosphere are more powerfully elec- 
trified than the surface of the globe, and the degree 
of electricity increases in the atmosphere with the 
distance from the earth. 

That indeed must be so, in conformity with Ohms 


E 
law, i.e, C = R if we assume, as we must, I think, 


assume the source of electrification of the atmos- 
phere to be above the air limit, because resistance 
attenuates electrical energy in proportion to the 
distance traversed by it, i.e., through the enveloping 


E 
atmosphere; the equation C = R meaning that the 


current at any point is equal to the initial electro- 
motive force divided by the total resistance in its 
path to that point. 

That earth currents have at times an origin which 
is in part thermal seems not unlikely. Earthquakes 
are of common occurrence in the tropics and else- 
where. Dutton records an instance of an earth- 
quake at the Yaqui river which disturbed the needle 


of the magnetograph at Los Angeles, a distance of 
more than six hundred miles, and it is possible tha 
forces which in themselves are insufficient to cause 
even a slight convulsion of Nature may be respon. 
sible for the creation of high potential at one point, 
whence it is distributed to another point or points 
of lower potential; the precise path being governed 
by electrolytes in the earth, or, in other words, by 
the same law which directs the course of lightning 
through the atmosphere. 

In speaking of earthquakes we must, of course 
differentiate between those which are caused by sub. 
sidences and those of volcanic origin. Volcanoes 
are not confined to any one part of the world, but 
are to be found, so far as latitude is concerned, 
pretty nearly everywhere; in the Arctic Ocean. in 
the voleanic island of Jan Mayen, between Iceland 
and Spitsbergen; there are Mount Erebus and Mount 
Terror in the Antarctic, besides very numerous yol.- 
canoes in the Atlantic, Pacific, and Indian Oceuins, 
and their shores, in both the temperate and torrid 
zones. In all they are said to number, in a state 
of activity, some three hundred. 

But, as Houston writes, ‘There are a much greater 
number of extinct (?) volcanoes, volcanoes which 
may at any time again become active.” 

The difficulty we are faced with is contained in 
the last paragraph . Were it not for the uncertain 
number and condition of extinct volcanoes, or ratlier 
of voleanoes which have ceased for the time being 
to give any manifestation of activity, we might con- 
sider earth-currents in their possible relation to 
areas liable to thermal disturbances with a view 
to determining whether connection between them 
is suggested by their coincidence. 

One fact stands out prominently: thunderstor:s 
diminish in frequency towards the poles, and if 
they are a factor in governing the occurrence and 
strength of earth-currents one would expect to find 
a minimum of disturbance towards the poles. That 
does not, however, appeear to be the case, as cur- 
rents of very high tension are met with in the far 
north. 

As regards plant-life, the electrical condition 
most to be desired is soil conductivity. If the soil 
is not moist to the root-depth, or, alternatitvely, if it 
does not contain electrolytes other than water, the 
plant is deprived of its supply of current and must 
suffer injury. 

If, however, about one per cent. of ferro sul- 
phate, or another suitable electrolyte, is mixed with 
the soil or the grorvnd is well watered with that 
mineral in solution, a great deal of the water ordi- 
narily required mzy be dispensed with; the ferro 
sulphate taking its place as the electrolyte. 

I have potted plants in baked soil with which a 
solution of one per cent. of the iron salt has 
been mixed—and then expelled—and have kept them 
alive in a warm greenhouse, exposed to the sun’s 
rays, for three months without water. They did not 
grow, because there was no moisture for the forma- 
tion of protoplasm—but they lived when the soil in 
the pot was electrified by means of a continuous cur- 
rent of low electromotive force; not when this was 
omitted. 

Normally the moist earth in the pot is receptive 
of charge from the positive air and although this 
involves reversal of polarity on the part of the plant 
it manages to thrive. With dry so!l, however, there 
is total absence of electrification; the plant becomes 
moribund and eventually dies. 

Not only is it necessary that the soil should be 
conductive, but we have to take into account the 
factor of its resistance because thts would govern 
the quantity of current reaching the plant-roots. 
If every part of the earth were of exactly the same 
resistance all things growing in it wot.i be uni- 
formly electrified, but we may be quite sure that 
electrolytes are neither equally distributed throug)- 
out the soil, nor of uniform resistance, so that elec- 
trification cannot be everywhere the same. 

When a “fault,” such as a pocket of earth in a 
basin of dielectric material, occurs the area of the 
pocket is just as dependent upon air charge as tlie 
soil in a pot would be and in dr weather, with a 
non-conducting upper stratum it would become elec- 
trically inert. Remedial meas es or attempted 
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remedial measures now employed take the form of 
breaking up the underlying dielectric, but this is only 
practicable when the material in question is not far 
from the surface. 

A more simple way out of the difficulty would be 
to drive a metal rod or tube through the dielectric 
and enable the earth-current to pass through or by 
it from below. j 

Theoretically it is desirable to test soils for cur- 
rect and where there appears to be a deficiency to 
arrange for a constant supply, at a voltage not ma- 
terially higher than that which normally obtains. 

Furthermore we have the important matter of 
temperature in its relation to electrical conditions 
of the soil. In warm, damp weather conductivity 
is at its maximum. Cold increases resistance—espe- 
cially of liquid conductors—and lowers the quantity 
of current supply. There is in fact not only dimin- 
ished supply to the roots, but in very cold seasons 
what one might term protoplasmic paralysis, a con- 
dition which in the case of perennials merely in- 
hibits growth, but which is generally fatal to species 
of the tender or half-hardy order. a 

When vegetable life is said to be “resting” during 
the late autumn and winter months it is (in my 
orinion) probably due to lowered electrification. 

Man is liable to be affected in much the same way 
aod we may be sure that lowered vitality not only 
p:edisposes to disease, but operates against its cure. 

in the polar regions larger temperature ranges 
con be endured in the winter, when the air is dry. 
in severe cold the vitality of the body is lowered 
aid the ability to bear hardships decreased. But 
here, again, the body is acted upon directly by cold. 
Tie resistance of the natural (semi-liquid) conduc- 
tors is inereased, the blood circulates more slowly, 
the surface blood-vessels contract, and only an added 
sin-resistance, by helping to conserve energy, and, 
ii may be, greater purity of air stimulating genera- 
tion of nerve-force, prevent the heart and lungs 
from becoming dangerously affected. Esquimos are 
protected from the cold by their fatty tissues, which 
xive them high absolute insulation; and those fre- 
quenters of icy seas, the whales, are similarly equipped, 

Any abnormal skin condition, no matter how pro- 
duced, must, in my view, interfere to a greater or 
lesser extent with metabolism. If the skin is dry 
its insulating properties are at their maximum. Ex- 
treme heat combined with moisture would have the 
opposite effect and would at the same time lower the 
resistance of the nerve-substance, so that an in- 
creased quantity of current, and a path of greater 
ficility for that current to escape to air, would be 
the result; bringing about a temporary loss of vitality. 

The same remarks apply to exposure for long 
periods to damp air, except that the nerves would 
not be directly interfered with. 

What I wish to labor is this: the human organism 
is provided—as an apple is provided—with a skin, 
or rind, the resistance of which is adjusted by Na- 
ture for the conservation of his energy, and so long 
“Ss normal conditions prevail that resistance is ex- 
actly right. If the skin is wet its resistance is sub- 
uormal—if it is too dry the nervous system is liable 
(o become neuro-electrically congested. 

In this connection I am glad to find that at least 
one physiologist of eminence—Dr. Leonard Hill— is 
in agreement with me, although our interpretation of 
observed phenomena may not be the same. He has 
produced maps showing that the energetic races of 
the world inhabit just those regions where atmos- 
pheric coolness and drying are most potent. 

Many are familiar with the unpleasant symptoms 
attendant upon an abuse of sea bathing. They are. 
cf course, due to the failure, during immersion, of 
the resistance of the skin and it is for this reason 
that long-distance swimmers anoint themselves with 
srease. Could they insulate the mouth and eyes in 
the same way they would, no doubt, be able to re- 
main in the water for longer periods. 

That the atmosphere is electro-magnetically active 
has been postulated by Clerk Maxwell and others, 
ond we have it upon their authority, as well as upon 
that of Sir Oliver Lodge, that light is an electro- 
magnetic disturbance of the ether. Optics is a 
branch of electricity, and we can conceive the evo- 
lution of a potential of increasing intensity as prog- 
ress is made from the red to the violet end of the 
spectrum. Plant growth, as shown by experiment, 
is at its best in a red light and the rays of long 
wave-length, red and infra-red, are the only ones 
which Nature permits to penetrate the human body. 
My readers will also be aware of the injurious effect 
of actiuic light and particularly of sunlight, upon 
cuttings and germinating seeds and have seen the 


necessity of protecting them from what is really a 
form of energy too violent for their constitution. 

Hypothetically the electrification of the atmos- 
phere should be higher in dry than in wet weather 
by reason of there not being a path of low resis- 
tance to earth; but a long series of tests carried out 
by me last year negative this conclusion. 

On perfectly dry, warm days, with bright sun- 
shine, the average deflection of an unshunted and 
very sensitive galvanometer ranged from 56 milli- 
metres in the early morning to 2.5 millimetres at night. 

When it was wet—more especially with a steady, 
dazzling downpour, the deflections rose to 150 and 
not infrequently to 180 millimetres. Moreover, the 
initial throw disclosed a static charge, the tension 
of which was governed by that of the cloud or clouds 
discharging the rain. 

Now if a vegétable or a fruit, such as an onion 
or an apple, be earthed in vacuo and its electrical 
charge exhausted, it ceases for the time being to 
yield a galvanometric deflection. Afterwards, if 
exposed to the air the period necessary for the res- 
toration of its former electrical activity is dependent 
upon quality of the light to which it is subjected. 
In a dull diffused light recovery is very prolonged, 
but in bright sunlight half an hour is sufficient. 

But—and there is a perplexing feature—the form 
of energy exhibited by sunlight cannot be demon- 
strated galvanometrically, unless it is transformed 
into heat, and then it is no longer a manifestation 
of sun-energy, but of another force which it has as- 
sisted to bring into operation. 


Concerning Age. 

At what time does age begin? Hippocrates puts the 
period at the beginning of the seventieth year, while 
according to Vario, the Roman citizen was retired from 
all public offices at sixty (Senes depontani). In Solon’s 
elegy upon the hebdomads of human life the greatest 
development of bodily strength was attributed to the 
twentieth year. Aristotle placed the zenith of life at 
from thirty to thirty-five, ordinarily, but declared that 
it continued to the forty-ninth year in men engaged in 
intellectual pursuits, saying that previous to and after 
this stage of life there existed a “too much” and “too 
little,” hyperbole and ellipsis, expectation and experi- 
ence. This subject, of such universal and poignant 
interest, of the coming of age, of its phenomena and 
of possible means of delaying its appearance, was made 
the subject of an interesting discourse pronounced by 
a German scientist, Friedrich von Mueller, at a celebra- 
tion of the founding of the University of Munich, in 
June, 1915, a report of which we find in Die Natursis- 
senschaften, part of which we quote as follows: 

“Even with regard to the body alone all efforts to 
discover the boundary line of the beginning of age have 
remained without success. The various organs and 
functions undergo alteration at very various times and 
Friedmann is right when he says that the involution of 
evolution is so closely connected with its completion 
that decay has already begun in the period of youth. 
Thus the lymphatic system, the tonsils, the lymphatic 
gland and the thymus began to suffer atrophy as 
soon as the development of the sexual organs is com- 
plete. The uterus and the secondary sex characters 
undergo atrophy when the true ovaries have begun 
their activity. 

“Characteristic signs of age are the eyesight of old 
persons, the decline of the memory and of the muscu- 
lar powers and the stiffness of the limbs: rigor signum 
senectutis (stiffness is a sign of age). Athletes dis- 
play no remarkable feats of strength after thirty-five 
years of age and reach the maximum of their muscular 
power before the thirtieth year. Among the workmen 
of the English cutlery and button industries the amount 
of work done, as compared with that of younger men, 
sinks to 80 per cent between the ages of forty and 
forty-five, to 60 per cent at the fifty-fifth year, and to 
40 per cent at the age of sixty-five. 

“The eyesight begins to exhibit a change at about 
fifty; however, the elasticity of the lens begins to de- 
crease after the first decade of life and usually sinks 
to zero at about the age of seventy-five. 

“The power of observation is so great in youth that 
70 per cent of all intellectual acquirements are ob- 
tained during this period, while difficulties appear after 
the age of thirty. Since with increasing age the power 
of receiving new impressions and making them effec- 
tive diminishes, there is a narrowing in the boundaries 
of the intellectual domain; an aged person is often 
indifferent or even hostile to modern ideas, he has a 
decreased comprehension of the interests of youth and 
of its right to manage matters differently from the 
way they were done in the time of his own youth. With 


the increasing poverty of recent intellectual gains the 
firmly fixed memories of his youth gain in intensity 
and there is some justice in the view that the beginning 
of age dates from the time when the intellectual vision 
ceases to be directed towards the future and is bent 
upon the past. Earnest and serious thoughts engage 
the mind more and more; he who was formerly a 
seeker for truth becomes a doubter, the freethinker 
becomes a believer, the revolutionary a conservative. 
The greater the decrease in the power of adaptation 
the greater the power of habit becomes. The emotional 
life shrinks more and more to the narrow circle of the 
personal ego and its most immediate needs . . . the 
increasing susceptibility to fatigue and the conscious- 
ness of failing powers are painfully felt and produce a 
sensation of oppression or a certain amount of restless- 
ness. It is also true that unadmitted doubts as to 
one’s own worth often cause a correspondingly strong 
need of recognition from others, and this is expressed 
in various external ways which are quite incomprehen- 
sible to youth—as incomprehensible as miserliness, and 
the overvaluation of property, faults of age which 
writers and poets of all ages have scoffed at. Such 
descriptions of the senes marosi, anzii, difficiles, ira 
qundi, avari. 

Of the mournful decay which the psychiatrists have 
portrayed for us and which passes without any sharply 
defined dividing line into the domain of senile deimentia 
aud the psychosis of age form a painful contrast to tl»: 
serene image of the ienis placida fortis senectus which 
we find in the words and the example of a Goethe or 
a Jacob Grimm. ‘It seems to be the case,’ says Grimm, 
‘that old men take on a certain degree of acidity like 
old wine, yet we must remember that not every wine 
gets sour as it gets old’ and he continues ‘why should 
the old man do a less amount of work? His store- 
houses are filled and year by year he has added tu 
their treasures through experience. Ought he to allow 
his hoarded treasures to fall into strange hands? In 
gifted and exceptional men strength and endurance 
long continue almost without any deterioration. Two 
the unabated capacity for work and the undimmed 
eagerness for research there is added likewise another 
and a greater advantage, that consciousness of freedom 
which grows and strengthens with age; when the seeds 
of freedom have early been planted in a man’s heart, 
when the noble plant that springs therefrom has flour 
ished throughout a long life, how can it but be deeply 
rooted in the heart of the old man and bear him com- 
pany to the end?’ It is capable of proof, indeed, that 
the capacity for the production of original ideas de 
velops later and disappears much later than the capa 
city for assimilating the ideas of others and above 
all the power of judgment is usually retained unaltered, 
even amidst the intellectual contraction of the horizons 
of age, and this power of judgment supported by the 
experience of a long life and less liable to influence 
by emotion and passion than in youth and, therefore, 
more just, is what lends its significance to age, making 
it the proper advisor of-creative youth, especially in 
the domain of public life. 

“Miehlmann and Ribbert have shown that the physi- 
ological death of old age starts with the brain. But this 
slow extinction of life in consequence of the failing 
of the functions of the brain is, in fact, a rare excep- 
tion, since in nearly all cases some disease brings the 
life of the old person to an end. Hence, the problem 
of age, so far as the physician is concerned resolves 
itself into the diseases of age. 

“Diseases, whether through infection or traumatism., 
or through endogenous injuries, are particularly dan- 
gerous for old persons because of the lessened resistance 
of the organism. 

“Among other diseases of age we must include arte- 
rial sclerosis and cancer, although both appear in 
younger life, and although it is quite certain that they 
are not conditioned by age alone. The problem of 
cancer is one of the obscurest in the science of pathol- 
ogy, as well as one of the most difficult in the art of 
healing Areteriosclerosis seldom fails to make 
its appearance in old persons, and it is especially in 
the circles of men burdened with heavy duties that it 
seeks its victims. The previous history of the mar 
wreaks its vengeance upon the blood vessels and fhe 
heart; every excess of emotion, of work or pleasure, of 
sorrow and anxiety, leaves its mark upon the arteries. 
These alterations silently increase in intensity 
through long years and are first made visible by the 
failure of the compensation apparatus to function. 
Thus arteriosclercsis is often the final stage of a proces: 
which had already begun in youth.” 

The address closes with a brief survey as to the 
aging and final perishing of entire classes of animals 
and races of men, of peoples and of empires 
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Coins of the Ages—I 


An Illustrated Description of Greek, Roman, Medieval and Latin Coins with their Histories 
By Howland Wood, Curator of American Numismatic Society 


One of the most commonplace articles of our every 
day existence is our money, yet how few people 
know anything about the coins carried in their 
pockets—their origin, history or meaning. If one 
should give any thought to the subject, the probable 
supposition would be that coins are as old as civilized 
man, so essential are they to our affairs and con- 
Coins are, however, of comparatively re- 
cent origin in the history of man. The ancient 
Babylonians, Chaldeans, Assyrians and Egyptians 
had no knowledge of stamped money, though in their 
commercial transactions they made use of gold and 
silver by weight, and of ingots and rough lumps 
of metal and gold dust. The purity of the metal 
could not be vouched for, and each minor business 
transaction was cumbered with the necessity of 
weighing the metal, or the process of barter was 
resorted to. - 

Great credit should be given to the unknown ge- 
nius who invented the simple expedient of stamping 
pieces of metal of given recognized weights and 


venience. 


purity. But like many other things that have grown 
to great importance, the small beginnings are 
shrouded in obscurity. The actual invention of 


coinage took place about 700 B. C. Definite credit 
can be given to the Lydians in Asia Minor for the 
first gold, or rather electrum coinage, a natural alloy 
of gold and silver; and to Phaedon, King of Argos 
at Aegina, for the first silver money. Possible credit 
can be given to the Chinese as well, as their coinage 
dates from this time, though they are wont in their 
numismatic treatises to date their initial coinage 
nearly two thousand years earlier. It is interesting 


to note that in the Occident the first money was 
based on certain recognized weights of gold and sil- 
ver, and that the pieces so stamped bore their just 
value, and the mark impressed, though an arbitrary 


{TeXT AND ILLUSTRATION CoPYRIGHTED BY MUNN AND Co.] 


symbol, served as its guarantee, but bearing no indi- 
cation of weight or value. In the Orient the first 
coins were made of bronze and were a resemblance 
in miniature of different objects, presumably stand- 
ard units of value in bartering. The shape of the 
piece formed the distinguishing mark, though later 
names of localities and values were added. 

The differentiation between a coin and a rough 
lump of metal is that the former has a stamp on it, 
which may be only a mere mark, guaranteeing its 
weight and purity by some responsible party, prefer- 
ably a state. A coin has circulating value and 
may be termed money just as long as it is generally 
accepted in a given locality. 

Coins are one of our best and truest historical 
documents, though in size the smallest, nevertheless, 
in reality about the widest in range of all antiquities. 
Geography, history, the sequence of human affairs, 
art and mythology are summed up in a study of 
coins. In fact, archaeologists and historians would 
oftentimes go astray except for the story coins can 
tell. 

An outline of the history of coins is shown in 
the accompanying plates, with brief remarks about the 
pieces. Greek coins of the best period are the most 
artistic of any age and are eagerly sought after. 
As will be noticed, most coins up to modern times 
are religious in their types, though every conceivable 
design is found on them. Portraiture did not ap- 
pear until after the time of Alexander the Great. 
After the fall of the Roman Empire the coinage 
of Europe became more and more debased, culmi- 
nating in the end of the twelfth century, when re- 
forms gradually set in. Since the discovery of Amer- 
ica, with the large influx of gold and silver into Eu- 
rope, the coinage again became more plentiful and 
larger denominations have been minted. 


Old coins, however, are not necessarily rare as 
the issues in former days were generally plentiful, 
paper money and other modern substitutes not being 
used. By reason of the lack of banks, money was 
kept at home or buried in the ground, and the con- 
sequence is that coins of all ages are being continu- 
ally dug up, adding to our knowledge of by-gone 
days. 

The plate of Greek coins is taken from specimens 
in the British museum, London; the Oriental coins 
from the collection of the writer, and the other eight 
plates from specimens in the cabinet of The Amer- 
ican Numismatic Society, New York. All coins shown 
on plates are two-thirds actual size. 


Greek Coins. 


1. Lydia, electrum stater, about 700 B. C. This 
iss considered the earliest known coin. The olb- 
verse has simply a striated surface; the reverse», 
three depressions without much form. 

2. Aegina, 7th century B. C. This is the earliest 
silver coin and is said to have been issued by Phae- 
don, King of Argos. The sea tortoise is the symbol 
of Astarte, the Phoenician goddess of trade. The 
crude depression on the reverse is made by projec- 
tions set in the bed on which the unstamped coin 
was placed to keep it from slipping while being struck. 
Later, regular dies were used to strike both sides 
of the coin. 

3. Syracuse, tetradrachm, about 480 B. C. Early, 
fine style. The head is of the nymph Arethusa sur- 
rounded by dolphins. The other side commemorates 
the Olympian victory of Gelon. 

4. Metapontum. The spike of wheat is typical 
of the coins of this city and refers to the fertility 
of the district. The other side has the same design 


Greek Coins 
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put intaglio, a peculiarity common to the 
early coins of the Greek cities in Italy. 

5. Persia, gold daric. This is the com- 
mon type for many years of the coins of 
the Persian kings. 

6. Samos, silver coin of fine style of the 
latter end of the 5th century B. C. The 
lion scalp and the ox are common devices 
on Greek coins. 

7. Gela, silver tetradrachm of the ty- 
rant Gelon (see 3) showing the badge of the 
city, a man-headed bull. 

s. Athens. The famous Athenian tetra- 
drachm current throughout the Greek world, 
showing the head of Athena with her owl 
and olive branch. The archaic style of 
all »f these coins is on account of the fact 
that any improvement in the looks of the 
coin would have precluded its wide circula- 
tion. 

4 Gortyna in Crete. Europa seated in a 
tre The unconventional subjects of many 
of tne Cretan coins are remarkable. 

1 Agrigentum. A most beautiful coin 
sho ving two eagles devouring a hare. The 
quo iriga on the reverse is common to Si- 
cilian coins. 

Naxos. This beautiful silver coin 
bears the head of Dionysus on one side and 
Sii-nus with a wine cup in his hand on the 
other. 

2. Amphipolis. The charm of this fac- 
ing head of Apollo must make anyone feel 
that our modern coins are but mediocre ex- 
pressions of art. 

(3-14. Alexander the Great. The type of 
his silver coinage showing the head of Her- 
akles and the seated figure of Zeus on his 
throne; and (14) the gold stater showing 
the head of Pallas and Nike or Victory. 

i5. Syracuse, dekadrachm or ten drachms. 
One of the largest and most beautiful of 
Greek silver coins. It is signed by the 
artist Evaenetos and bears the head of Per- 
sephone. The action and spirit of the horses 
are worthy of note. . 

16. Tarentum, gold coin of Alexander of 
Epirus, showing the head of Zeus and the 
thunderbolt. 

17. Demetrius Poliorcetes. This coin re- 
fers to the naval victory of Antigonus, un- 
der his son, Demetrius, over Ptolemy, off the 
island of Cyprus in 306 B. C. The statue 
on the prow of the ship is the Victory of 
Samothrace in the Louvre. 

18. Pergamos. A coin struck by Attalus 
I. showing the portrait of his uncle, the 
eunuch Philetaerus, the founder of the dy- 


nasty. 

19. Syria. A portrait coin of Antiochus 
Ill. the Great 

20. Syracuse. A _ tetradrachm showing 


the portrait of the beautiful Queen Philistis. 

21. Antigonus Doson. Head of Poseidon. 
and Apollo seated on the prow of a galley on 
the reverse. 

22. Syria. Portrait coin of the youthful 
Antiochus VI. B. C. 145-142. 

23. Jerusalem. The type of the famous 
Jewish shekel. The inscriptions say “Shekel 
of Israel” and “Jerusalem the Holy.” 


ROMAN COINS 


The earliest coins of central Italy were 
rough lumps of bronze, which were later 
followed by rough rectangular slabs with 
crude representations of animals, etc., on 
them, and weighing several pounds. How 
much this latter was a true coinage is open 
to doubt. The real coinage began about 338 
B. C., with the large round cast coin of 
bronze weighing 10 ounces or less. 

24. An aes or as, of the early period. 
This denomination always bore the head 
of Janus, and the specimen shown here 
weighs nearly 9 ounces. The subdivisions 
each bore different heads. 

25. The Roman semis, or half, of a later 
period, with the weight reduced. It bears 
the head of Jupiter. 

26. The reverse type of all the early Ro- 
man Republic bronze coinage, showing the 
prow of a ship. The Roman boys in tossing 


Coins of the Low Countries, Spain and Italy 


. head of young Octavius (not shown). 


up coins were wont to cali out heads or 
ships, as we say heads or tails. 

The Roman silver money began about 268 
B. C., and for the most part was of the de- 
nomination of a denarius, though different 
subdivisions were minted. 

27. Shows a quinarius of the first and 
commonest obverse type of the series, which 
bears the helmeted head of Rome. Later 
various designs and portraits were adopted. 

28. The earliest type of the reverse, the 
Dioscuri. After 150 B. C. various types were 
introduced, injecting a great interest and 
variety into the series. The piece is a de- 
narius. 

29. Denarius, showing portrait of Caesar 
veiled in the character of Pontifex Maximus. 
Although portraits of ancestors had now and 
then been placed on the coinage by the differ- 
«nt moneyers, Caesar’s was the first actual 
portrait to be placed on Roman money. This 
innovation the Senate itself ordered in 44 
B. C. The inscription, Dictator Perpetuo, 
noted on the coin was conferred on Caesar 
the same year. The name of the moneyer, 
Publius Sepullius Macer, also occurs on the 
coin 

30. Denarius, struck by Sextus Pompey 
while defying the Roman Senate in Sicily, 
42-38 B. C, and bears the head of his father, 
Pompey the Great. 

31. Denarius, bearing the portrait of 
Mark Anthony, probably struck at Ephesus 
about 41 B. C. while he was living a dissi- 
pated life in the East. The reverse has the 


32. A similar coin showing the bust of 
Cleopatra. On the other side is the bust 
of Anthony. This piece was probably struck 
at Athens after the Roman Senate had de- 
clared war on Cleopatra. The legend is in- 
teresting and may be translated “Coin of 
Cleopatra, Queen of Kings, and of her Sons, 
the Kings.” 

33. A denarius of Octavius with his title 
of Caesar Augustus. 

34. An aureus or gold coin of the Em- 
peror Tiberius, struck in 15 A. D. 

35. A bronze coin known as a dupondus, 
bearing the head of Livia, the mother of 
Tiberius. 

36. A bronze coin called a_ sestertius, 
showing a fine portrait of the Emperor Nero. 

37. The reverse of a sestertius of Ves- 
pasian with inscription Judaea Capta and 
showing the Emperor standing in military 
costume, and the personification of Judea 
weeping, seated against a palm tree. This 
coin commemorates the triumph over the 
Jews. 

38. A nice portrait coin of the Emperor 
Hadrian, struck in 118 A. D. 

The following coins are shown for their 
fine portraits of some of the Emperors and 
their wives: 39, Vespasian; 40, Domitian; 41, 
Trajan; 42, Antonius Pius; 43, Faustina, Sr.. 
wife of Antonius; 44, Marcus Aurelius, as 
Emperor; 45, Faustina, Jr., the wife of 
Marcus Aurelius; 46, Septimus Severus; 47, 
Geta as a young boy; 48, Severus Alexander 
at about the age of 23. 

The coinage of Rome from now on shows 
a decided falling off, the portraiture is poor- 
ly done and the decline of the Empire is all 
too apparent. 

49. Maximianus Hercules; 50, St. Helena, 
the mother of Constantine; 51, Constantine, 
the Great; 52, Julian the Philosopher or the 
Apostate; 53, Theodosius I. 


MEDIEVAL COINS 


After the fall of the Empire in the West, 
the Eastern, or Byzantine, kept on for sev- 
eral centuries and issued coins, chiefly gold 
and copper. In fact, they largely supplied 
Europe with gold coins and furnished the 
prototypes for most of the coins of the bar- 
barians that settled in the old Roman do- 
mains. The workmanship of the coins is 
now very inferior and true portraits are a 
thing of the past. . 

54. A gold solidus of the Byzantine Em- 
peror Phocas, struck at Constantinople, be- 
tween the years 602 and 610. 
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65. The usual type of reverse of many of the 
earlier Byzantine gold coins. This was copied very 
largely by the different barbarian nations. 

56. A solidus struck in 641, showing the Em- 
peror Heraclius I. and his two sons, Heraclius Con- 
stantinus and Heracleonas. This coin was used as a 
model by the Arabs on one of their gold coins. 

57. <A solidus of Constant II., interesting on ac- 
eount of his long beard. 

58. A coin of the Emperor Theophilus, showing 
pertraits (?) of his father, Michael II., and his son 
Constantine (832-839). 

59. A solidus of Constantine VII. (945-959) 
with the bust of Christ. The head of Christ made its 
first appearance on coins about 300 years before, 
during the reign of Justinian II. 

60. A silver coin, known as an asper, of Manuel 
I.. Emperor of Trebizond, an offshot of the Byzan- 
tine Empire. Although most crudely done, these 
coins had wide circulation. 

61. A barbarian imitation of a Byzantine solidus 
of Justinian I., probably made by the Burgundians. 

62. A silver coin known as a “gigliati,” struck 
in the first half of the 14th century by Helion de 
Villeneuve, one of the Grand Masters of the Order 
of St. John of Jerusalem, at Rhodes. 

63. A silver coin struck by Roemond VII. (1274- 
1287), Count of Tripoli, in the Holy Land. As is well 
known, the Crusaders set up a number of kingdoms 
and principalities in the East and issued coins for 
many years. 

64. Armenia, a silver coin called a tehegan, is- 
sued by Leo II. (1185-1218) at the time when Ar- 
menia was a separate and independent kingdom. 
The inscription is in Armenian characters. 

65. Beneventum in Southern Italy, a gold coin 
of one of the Lombard dukes, Sicardus, 833-839. 
Note the coarse copying of the Byzantine coins. (See 
No. 64.) 

66. A denaro, or thin silver coin, struck at Milan 
about 900 by Berenger of Friuli, one of the Carlov- 
ingian kings of Italy. This type of coin, showing 
the crude outline of a Greek temple, was much in 
vogue during the middle ages. (See 80 and 86.) 

67. A copper follaro struck by Roger (1058- 
1101), one of the Norman counts that drove the 
Arabs out of Sicily. A crude representation of the 
Madonna is shown on the piece. 

68. A concave silver of Roger II., King of Sicily. 
This piece was struck at Brindisi in 1140. The 
word ducat originated from the coinage of a duke 
and is generally in gold. 

69. The famous gold augustale of the Emperor 
Frederick II. of the Hohenstaufens, struck in 1232 
at Brindisi. This was patterned after the Roman 
coins, and in design and execution was several cen- 
turies ahead of the rest of Europe. 

70. The Florentine florin, so named from the 
flower (lily) engraved on it. It was first made in the 
13th century and had a wide circulation throughout 
Europe, where it was extensively copied. 

71. The zecchino or sequin of Venice, as famous 
a gold coin as the florin. This had a wide circula- 
tion in the East and is occasionally met with to- 
day. 

72. The Venetian grosso. Th.s type of silver 
coin was made for several centuries and clearly 
shows its Byzantine influence. 

73. A grosso of Verona. The cross is one of the 
commonest devices used on the coins of the Middle 
Ages and is generally placed on the reverse. 

74. The Santus Vultus of Lucca, a type very 
commonly used for this city. 

75. A pfennige struck by the Wends, early in- 
habitants of East Prussia, a crude copy of the gen- 
eral type of coins at the time with a cross on it. 

76. A denar of Andreas I. of Hungary, 1046- 
1060. Many of the early Hungarian coins were small 
like this. 

77. <A copper coin of Bela IV. of Hungary, 1235- 
1270, showing strong Byzantine influence. 

78. The prager groschen of Bohemia, introduced 
by Wenzel II. early in the 14th century. A coin that 
was copied extensively. 

79. <A peculiar and interesting type of Bohemian 
coin; hands and other devices are frequently found 
on coins of this country. 

80. A denier struck at Regensburg by Henry III. 
of Germany, 1039-1056. This type of coin was very 
popular. (See 66 and 86.) 

81. Another common type of German coin struck 
by the same Emperor. 

82. A bracteate struck by the Emperor Frederick 
I. of Germany. This sort of coin was very common 
in Central Europe about the 12th century, and was 


stamped on one side only on the thinnest sheets of 
silver. The metal is but little thicker than two 
sheets of the paper this book is printed on. The 
reverse is an intaglio of the obverse. 

83. A common type of denier struck at Co- 
logne in the 12th and 13th centuries. Colonia 
is the Latin form of the name of the city. 

84. A bracteate struck by Gardolf von Harbke, 
Bishop of Halberstadt, at the end of the 12th cen- 
tury. 

85. A gold triens struck in France by the Mero- 
vingian king, Sigebert II., 638-656. Greek, Roman 
and Byzantine coins served as the models for the 
coins of France at this time. 

86. A denier of the “temple’’ type, struck by the 
Carolingian king, Louis I. (814-840). 

87-88. Obverse and reverse of a denier struck by 
Charles the Bald (840-877) of France. On the ob- 
verse, his name in monogram in the center. The 
reverse (88) with the cross is almost the stereo- 
typed form for this side of the coin. 

89. The gros-tournois of France, first struck by 
Louis IX. (1250-1270), which was extensively imitated 
in Western Europe. Note the survival of the temple 
device. 

Corns or THE Low Countries, Spain AnD ITALY 

90. A Pierre d’or of Jeanne and Wenceslas of Bra- 
bant, struck at Louvain in the last part of the 14th 
century. Coins were often named from the device 
on them, St. Peter being on this coin. 

91. A gold cavalier or rijder, struck at Antwerp 
by Philip the Good of Burgundy. Knights in armor 
were often depicted on the coins of the Low Coun- 
tries. 

92. A lion double gros, struck by Louis II. de 
Male (1346-1384), Count of Flanders. This is a 
common type of silver coin. 

93. <A gold real struck by the Emperor Charles V. 
at Bruges for Flanders. As Charles V. inherited 
nearly all of Europe, coins bearing his name were 
struck in nearly every country. 

94. A tenth ecu struck at Utrecht for the Neth- 
erlands by Philip II. during the time of the Spanish 
dominion. 

95. A daalder struck at Leyden in Holland in 
1574 during the first siege by the Spaniards. In 
those days sieges were commonly of long duration 
and the beleaguered cities were often sorely pressed 
for money and struck crude coins as best they could, 
very often from church plate and the silver dishes 
of the more wealthy townspeople. 

96. A dollar struck by the United Provinces at 
Dordrecht in 1586, bearing the head of the Earl of 
Leicester, during the time of the English aid to 
Holland. 

97. An obsidional or siege coin struck at Cam- 
pen in 1578 while besieged by the troops of the 
States. 

98. A gold dueat struck in 1809 by the Kingdom 
of Holland under Louis Napoleon. 

99. A coin of the siege of Breda in 1625. 

100. A copper coin for ten centimes struck by 
the Napoleonic forces in Antwerp while besieged by 
the Allies in 1814. 

101. Half daalder struck in Deventer during the 
siege of 1672 by the Bishop of Miinster and the 
French. 

102. Ten gulden gold coins of Wilhelmina of the 
Netherlands. While she was a girl the portraits 
on the coins were changed every few years as she 
grew up. 

103. A Spanish coin with the baby head of the 
present king. 

104. Joseph Napoleon as King of Spain on an 
80 real piece. 

105. A double excelente, a gold coin showing 
Ferdinand and Isabella of Castile and Leon. 

106. The new escudo piece of the Republic of 
Portugal. 

107. A portrait testone by Benvenuto Cellini of 
Alexander I. Medici, of Florence. 

108. A 100 france piece of Monaco. The coins 
of this little principality are used largely in the 
gambling halls of Monte Carlo. 

109. Doblone struck at Bologna while under the 
Popes, by the Dominican Brothers, during a famine 
in 1529. 

110. Dobla of Charles V. struck at Naples in 
commemoration of the pardon granted the Neapoli- 
tans after the insurrection azainst the Inquisition. 

111. A 20-franc piece struck at Turin in 1800 by 
the newly formed Republic of Subalpine Gaul to com- 
memorate the battle of Marengo. 

112. A 20-lire piece strucx by Murat, brother-in- 
law of Napoleon, while Kiug of Naples. 


Temperatures in Deep Mines. 

An interesting communication from Mr. B. H. Clit. 
ford, of Johannesburg, on the subject of “High Tem. 
peratures in Deep Mines” was read at a recent meet. 
ing of the Midland Institute of Mining Engineers. Ip 
his letter Mr. Clifford describes the conditions preva. 
lent in the City Deep Mine. 

At the present time the workings, which are cop. 
fined to the uppermost portion of the mine, extend 
over an area of approximately 100,000 ft. along the 
strike by 3,500 ft. on the dip, and the greatest verticaj 
depth at present is 4,500 ft. On the Witwatersrand 
the temperature of the rocks increases at the rate of 
4 deg. for every 1,000 ft. in depth, and the rock tem 
perature at 4,500 ft. is 84 deg. This would not be at 
all serious were it not for the fact that the air, shortly 
after leaving the main intakes, very soon beeomes 
saturated in consequence of regulations stipulating 
that all rock surfaces should be kept wet in order to 
prevent the dissemination of dust. A saturated air 
at a temperature of 84 deg. Fah. is scarcely support- 
able unless the air was in active motion. 

They had therefore reached the limit on the City 
Deep, and had yet an additional 2,500 ft. to go when 
the new shaft is completed, and were faced with the 
necessity of reducing the air temperature from be 
tween 95 and 100 deg. Fah—which it would be at 
7,000 ft—to about 75 deg. Fah. The principle that 
was being relied upon was the heat-absorbing capacity 
of the ventilating current of air due to evaporation 
and to its specific heat. Local cooling near the ‘ot- 
tom of downcast shafts was, of course, taking place 
everywhere, but it generally remained local cooling 
only, and in any case could have little or no effect 
on the temperature of distant parts of the mine, un- 
less the total heat absorbed by the air current as a 
whole was greater than the heat supplied from all 
sources. In the City Deep there was no difficulty with 
temperatures down to a depth of 4,500 ft., but whether 
the principle would be equally successful at 7,000 ft. 
remained to be seen. 

The heat of the air in the mine came from the fol- 
lowing sources:—(1) The compression of air on its 
way down the shaft. This was considerable; in fact, 
the temperature rise on this account was actually 
greater than the temperature rise of the rock due to 
depth. (2) The flow of heat from the rock mass to 
the air of the workings. (3) Further sources of heat 
are water, the men working in the mine, the com- 
bustion of illuminants, explosives and electric power. 
A frequent source of heat supply, viz., chemical change 
of minerals, is not, in the case of Witwatersrand, of 
any importance. To absorb this heat they were rely- 
ing upon:—(1) The specific heat of the air, and (2) 
the heat absorbed by its evaporative power. It is very 
fortunate that in the Transvaal the air during the 
greater part of the year is dry, the percentage of 
humidity ranging between 74 per cent. during the 
rainy season and about 36 per cent. during winter. 
The capacity of the fan is 400,000 cubic feet per 
minute, and the average heat-absorbing power of this 
quantity of air is 1,700,000 calories per second. Of 
this amount one-fifth is due to the specific heat of the 
air and four-fifths due to evaporation. On account of 
the dynamic heating practically the whole of the heat- 
absorbing capacity resulting from the specific heat is 
lost in the deepest parts of the mine, but as the air 
rises to the shallower parts of the mine some of this 
is returned. In the calculations the abstraction of 
1,360,000 calories per second is all that can be relied 
upon. The items under the heading (3) amount to 
about 185,000 calories per second, leaving a balance 
of roughly 1.200.000 calories per second available for 
absorbing the heat from the rocks. Assuming that the 
mine was bounded by an infinite mass of rock, and 
assuming that the estimate of conductivity, which wa: 
based on experiments, of 0.0093 was correct, this quan 
tity of heat was greater than the heat flow from the 
rocks to an air current at a temperature of 75 deg 
Fah. In the present conditions, therefore, the mine 
would tend to become cooler as a whole, but the con 
tinuous increase in the extent of the mine was having 
the opposite tendency. 

The process is self-regulating to a considerable ex 
tent, because the heating of the air increases its 
evaporative power, and there is abundant moisture 
everywhere for the exercise of this power, and also in 
consequence of the dynamic cooling as the air travels 
from the lower to the upper parts of the mine. One 
further effect of the fall of temperature is to bring 
about a condensation of moisture, making the air ex- 
tremely foggy in the upper parts of the mine. and it has 
this incidental advantage that the air becomes com- 
pletely cleared of dust—From The Engineer (London). 
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Rectifying High-Tension Alternating Currents’ 


Experiments With a Gap Between a Point and a Plate 


During the year 1914, while experimenting with 
spark gaps for use in radio-transmitting apparatus, 
which were to be supplied by high-tension unidirec- 
tional currents, the writer found a new method by 
which to obtain these currents. Although these high- 
tension currents were utilized for radio work, yet 
they can be used with equal success for other pur- 
poses where such currents are desired, as, for in- 
stan.e, in operating electrical precipitators, X-ray 
tube, ete. The only available rectifying apparatus 
for voltages exceeding 5000 volts are at present 


thos. of the synchronized rotating commutator and 
ken .ron vacuum valve. Another method of ob- 
tain og a partial rectification of a high-tension dis-_ 


cha: e consists in passing a current from a point to 
Mereury 
t 


Admission: 


Fig. 1. Electrode construction used in 
experiments 


a plate. This process has been known for a long 
time, but the commercial application of the princi- 
pel was unsuccessful owing to its inconsistency and 
poor operating efficiency. But the rectifier, when 
properly constructed and when its discharge medium 
is subjected to a gas under pressure, will be found 
to yield high efficiency and satisfactory consistency 
of operation. An efficiency of 85 per cent was ob- 
tained by the use of NH, under a pressure of about 
i00 1b. per square inch (7 kg. per sq. cm.), and suc- 
cessful operation was obtained by using an iron point 
and a rotating aluminum disk. It is thus the pur- 
pose of this article to give a short detailed descrip- 
tion of some of the results and a description of the 
apparatus used in the experiments. 

The rectifying apparatus consists of a chamber 
within which there are two electrodes made as shown 
at the left in Fig. 1. The upper or movable elec- 
trode was made from aluminum, % in. (1.6 cm.) in 
diameter. The lower or fixed one consisted of a 
ccpper rod of the same diameter and with its end 
turned conically as shown. Through the center of 
this copper electrode a small hole was drilled and 
used to allow gas to pass through and strike the 
upper electrode. When these electrodes were con- 
nected to the secondary terminals of a high-tension 
transformer and in series with a direct-current am- 


v 


Fig. 2. Arrangement of apparatus for high-tension 
rectifier 


meter and a load resistance it was found that the 
meter would indicate the presence of the rectified 
current. However, it was observed that the current 
was not steady enough, owing to the poor cooling of 
the electrodes, as the conical point began suddenly 
wear away. 

This trouble was remedied by admitting into the 
«xial opening of the lower electrode air under vari- 
ous pressures, and it was immediately found that the 
rectified current became steady and the value of the 
current ‘increased many times the value noted prior 
'> the admission of the gas. 

Arm First Usep AT THE ARC. 

The next step was to ascertain the effect of various 
pressures of the admitted air on the efficiency of the 
apparatus in reference to the rectified alternating 
current. In obtaining the data for this experiment 
the apparatus were connected as shown in Fig. 2, 


* From the Electrical World. 


By Samuel Cohen 


where a 60-cycle, 110-volt alternator is shown con- 
nected to a 20,000-volt transformer through a vari- 
able reactor, R, in the primary circuit. A _ volt- 
meter, J)’, and a wattmeter, }’, were also connected 
in the primary circuit. The secondary of the trans- 
former was connected to the rectifying discharger, D, 
through a specially made direct-current ammeter, A, 
load resistance 1R. An electrostatic voltmeter, |’, 
and a safety spark gap, SG, were shunted across the 
secondary leads. The distance between the elec- 
trodes was kept constant throughout the test at 
about % in. (3.2 mm.). Various pressures from 0 
to 200 lb. per square inch (14 kg. per sq. cm.) were 
admitted, and the efficiency of rectification with re- 
spect to primary input power was noted. The curve 
marked “air” (Fig. 4) gives the results obtained 
from this experiment. It is seen that the efficiency 
of rectification is quite low at lower pressures, and 
between 150 lb. and 170 lb. per square inch (10.5 to 
11.9 kg. per sq. cm.) the best results were obtained 
with an efficiency of practically 75 per cent. Al- 
though the figure seems to be a rather high rectify- 
ing value, it was impossible at the time to carry out 
more precise work for verification owing to the un- 
suitable equipment used in all these investigations. 
Yet the values appear very consistent, as they were 
checked several times. 


OtTHeR ARE INVESTISATED 


Carbon-dioxide (COz) was the next gas under in- 
vestigation, and it was found that maximum rectifi- 
cation was noted at less pressure than that obtained 
for about the same percentage of input current. 
From the curve it will be noted that 90 lb. per square 
inch (6.3 kg. per sq. cm.) was the value observed 
for maximum rectification. From the slope of the 
curve it will be noted that rectification increases 
rapidly with the increase of pressure up to 80 Ib. 
(5.6 kg. per sq. cm.), and decreases very slowly 
from 100 lb. down to 180 Ib. (7 kg. to 12.6 kg.). 

Although this gas gave favorable results, it was 
found that long periods of operation of the rectifier 
decreased its efficiency. As carbon-dioxide in a 
short spark field decomposed to a certain extent and 
created a carbon film on the surfaces of both elec- 
trodes, it thus increased the resistance of the dis- 
charge and hence decreased its efficiency. It was 
found at times that absolutely no rectification was 
observable due to the excess carbon film adhering 
to the electrodes. It was thus necessary to clean 
the electrodes carefully in order to continue the 
investigation. One advantage in favor of this gas 
is stability of operation. 

Sulphur-dioxide (SO:) was also tried, and it was 
possible to obtain a much higher percentage of 
rectification with the same amount of primary-power 
input in the primary transformer circuit than that 
obtained by the use of carbon-dioxide. However, the 
difficulty with the use of this gas is somewhat the 
same as with the former, since the sulphur-dioxide 
decomposed into its elements, sulphur and oxygen, 
causing a collection of sulphur film upon the surfaces 
of the electrodes, which caused the increase of re- 
sistance of the spark field. This decreased its over- 
all efficiency. Sixty per cent was the maximum per- 
centage of rectification that could be obtained by 
the use of this gas at 120 lb. per square inch (8.4 
kg. per sq. cm.) as indicated in Fig. 3. 

By this time the writer was fully convinced of 
the difficulty of using this type of high-tension recti- 
fier, namely the instability of the apparatus after 
long periods of use. 


AMMONIA Proves Erricirnt MepiuM For RECTIFICATION 


Other means were then tried in order to make the 
instrument more stable for continuous periods ex- 
ceeding five hours. Various cooling devices were ap- 
plied to the electrodes in order to accomplish the 
results. Finally ammonia under pressure was passed 
through the rectifying gap in the same manner as 
were the others. The cooling effect of the gas dur- 
ing expansion was utilized to advantage in this ap- 
paratus, and not only was it found to act as a cooling 
agent, but at the same time it was found that the 
percentage of rectification was greatly increased as 
compared with gases previously used, and it will 
be noted from Fig. 3 that as high as 85 per cent 


efficiency was obtained with ammonia gas at 100 lb 
per square inch (7 lb. per sq. cm.). Most remark- 
able stability was obtained with this gas for periods 
up to ten hours’ duration. Results were noted at 
half-hour periods and it was found that the varia- 
tion of rectified current did not exceed 1 or 2 per 
cent. There are two reasons why ammonia proved 
much more efficient than other gases, namely, (1) 
the electrodes are kept cool, thus preventing a va- 
porization of the spark electrodes due to the intense 
heat of the spark or are field; (2) the spark field is 
inclosed in an atmosphere of nascent hydrogen, 
which has the remarkable effect of increasing the 
spark field. In this disintegration of the ammonia 
into its constituent elements of nitrogen and hydro- 
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Fig. 3. Efficiency of rectifier with various gases 


gen the first, being inert, has no effect upon the 
function of the apparatus. 
Ii was feund after a period of two weeks of 
practically cortinuous use of the apparatus that the 
surfaces of the electrodes were practically the same 
as at the beginning, thus indicating that they oper- 
ated at a lower temperature than their vaporization 
point. From the experiments it may be concluded 
that the ammonia gas seems to be the most satisfac- . 
tory solution for increasing the efficiency of this ap- 
paratus. 
EXPERIMENTS WITH ELECTRODES 

Various combinations of metallic electrodes were 
tried, and it was found from actual experiments that 
a combination of aluminum and copper gave most 
suitable results. The next investigation undertaken 
was to determine the effect of mercury in a hot spark 
field, in a gas atmosphere, and to note the rectifica- 
tion obtained by the use of this metal. Difficulty 
at first was had in constructing the mercury elec- 
trode so that the admitted gas would not disturb 
the mercnry from its position during operation, and 
Fig. 1 ‘: ght) shows a method utilized for accom- 
plishing this result. A circular groove was made in 
the lower electrode so that the gas opening did not 
come in contact with this groove, thus avoiding con- 
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Fig. 4. Construction of aluminum gap and iron- 
point electrode 


tact between the mercury and the gas opening. The 
metallic mercury was at first placed in this groove. 
The maniscus of the mercury was just high enough 
tv avoid coming in contact with the gas. The various 
gases as utilized in the previous rectifier were uti- 
lized with this form of rectifier and ammonia gas 
proved again most effective. However, the difficulty 
experienced in the use of this rectifier was that of 
partial short-circuiting of the electrodes, due to the 
partial vaporization of the mercury, thus preventing 
momentarily the operation of the device. During 
these periods it was -found necessary to increase the 
admitted gas pressure in order to avoid this excess 
vaporization. It was necessary, however, to reduce 
the pressure in order to obtain maximum rectifica- 
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tion. The critical gas pressure for obtaining this 
maximum rectification was noted to be the same as 
when used in the previous rectifier, namely, 100 Ib. 
per square inch (7 kg. per sq. cm.). 

The only advantage favoring the use of mercury 
as an electrode was that of constant stability at over- 
load for short periods. For longer periods of over- 
load, however, the device failed to perform its func- 
tions, owing, perhaps, to the short-circuiting of the 
electrodes with mercury vapor. 

The only disadvantage experienced in the use of 
aluminum as one of the electrodes was that of pit- 
ted surfaces noied at its operating surface. ‘This 
was undoubtedly due to the low melting tempera- 
ture. It was found f.om actual experience that as 
soon as the alum.num surface began to p.t the effi- 
ciency of the insirument was cons.derably lowered 
and it was thus necessary to face down its working 
surfaces every time this efficiency decreased. In or- 
der to avoid this detrimental effect, it was necessary 
to use a rotating aluminum disk so as to give a new 
sparking surface at all times during the operation 
of the instrument. Fig. 4 shows the construction 
of the instrument used. The aluminum disk was ro- 
tated by a motor. 

In this case an iron-pointed electrode was utilized 
for the second electrode, and the admitted gas_was 
passed through the cylinder as indicated. The insu- 
lated knob was fastened to the iron-pointed electrode 
to allow of gap adjustment between the aluminum 
disk and the pointed electrode. Very satisfactory re- 
sults for continuous operation were obtained with 
this instrument, and it is the only means by which 
satisfactory results were obtained for continuous 
operation in rectifying high voltages. The investiga- 
tion has by no means been completed. Further in- 
vestigation w.ll be made and additional data on this 
subject will be given in the near future. 


The Anay, a New Edible-fruited Relative of the 
Avocado. 
By S. F. Blake, Bureau of Plant Industry. 

One of the most interesting results of the ex- 
plorations in search of new and desirable avocados 
and related fruits, carried on in Central America 
for several years past by Wilson Popenoe, of the 
Office of Seed and Plant Introduction, is the dis- 
covery of the anay. Guided by the reports of na- 
tives, Mr. Popenoe first met with the species on 
September 23, 1916, when two trees were found 
at the entrance to the Finca El Comprom’so, half 
a mile from Mazatenango, Guatemala, at an ele- 
vation of about 365 meters. Other trees were 
known to the natives in the nearby forest, and were 
visited by them at the proper season to secure the 
fruit. The two trees seen by Mr. Popenoe had been 
left to provide shade for young coffee trees when 
the forest was cleared. They were about 22 meters 
hgh, with the tall and slender turnk bare of 
branches for a considerable distance, and an open 
rounded crown. On th's occasion Mr. Popenoe, be- 
ing unable to find a native venturesome enough to 
cl'mb the trees, had to content himself with pieces 
of the bark and with some of the fruits, which were 
lying in profusion on the ground. He also secured 
leaves from sucker shoots at the base of one tree, 
but comparison with specimens secured from the 
same tree on a later trip shows that these belong to 
some other plant. 

The fruits of the anay, which ripen in August 
and September, are very similar in external appear- 
ance to those of certain types of avocado (Persea 
americana). They are 10 to 15 cm. long, ellipsoid- 
pyriform, sometimes curved, sometimes pointed at 
apex, often with sharply defined neck, with the body 
slightly compressed, and smooth, glossy, purplish 
black surface. The skin is very thin and mem- 
branous, adhering closely to the firm, oily, rather 
scanty flesh. This is divided into two zones of 
color, equal in thickness, the outer pale green, the 
inner green‘sh cream-color, both being more sharply 
defined than is ordinarily the case in the cultivated 
avocado. The flesh has a rich, bland flavor, like 
that of a very good avocado, but faintly sweetish. 
The large, abovo'd seed, with the pointed end toward 
the base of the fruit, has a thick, almost fibrous, 
outer seed coat and a membranous inner one closely 
including the cotyledons, but not always reaching to 
their apex. The pubescent plumule lies immediately 
at the base of the cotyledons, while in the avocado 
it is located some distance above this point. The 
fruits fall while still hard, ripening in two or three 
days, and germinating freely on the ground beneath 
the parent tree. Most of the specimens found by 
Mr. Popenoe had been attacked by insects, which 
tunneled through the seeds. 


The notes from which this description of the fruit 
has been drawn up were made by Mr. Popenoe on 
his first visit to the trees. On a later visit, on Jan- 
uary 17, 1917, a mozo was found who ascended one 
of the trees by means of a nearby palm and threw 
down branchlets with leaves, young fruit and a 
very few flowers. Study of these shows that the 
anay is not a Persea, as Mr. Popenoe at first sup- 
posed, but an undescribed species of the genus 
Hufelandia, which is at once distinguished from the 
avocado (Persea americana) and its near relatives 
by the fact that the anthers are 2-celled instead of 
4-celled. 

Since collecting the anay at Mazatenango, on the 
west coast of Guatemala, Mr. Popenoe has found it 
at Cham, on the Rio Chisoy in the Usumacinta 
basin in Alta Verapaz, northeastern Guatemaia, at 
an altitude of about 300 meters, although no speci- 
mens were obtained. It is the belief of Mr. Pope- 
noe that the name of the old Maya settlement An- 
aité, farther north in the same valley near the ruins 
of Menché Tinamit and Yaxchilan, has reference to 
the former abundance of the anay in the same re- 
gion. 

The anay, both in the vicinity of Mazatenango and 
in the Usumacinta Valley, grows in moist regions 
at an elevation of only 300 to 365 meters. For 
this reason Mr. Popenoe believes that it will not 
succeed in California, but that it may do well in 
southern Florida. Young trees grown from seeds 
collected by Mr. Popenoe are now cultivated in the 
Plant Introduction Garden at Miami, under the 
Seed and Plant Introduction number 43,432, and 
their future will be watched with much interest. 
In its native haunts the species was reported by 
natives to flower in May, but from the specimens 
collected by Mr. Popenoe it is clear that the flower- 
ing season is December and January. The fruit 
ripens in August and September.—From Jour. of 
Wash. Acad. of Science. 


Hints for Electric Welders. 

In notes designed for instruction in electric welding 
by H. L. Unland occur certain suggestions which are 
worth repeating. 

When carbon electrodes are used in are welding the 
average length for efficient work should be from 9 to 
12 inches. Metallic electrodes of low carbon steel 
should be about 18 inches long. At least 15 feet of 
extra flexible cable should be used to allow the oper- 
ator full control of the electrode through the welding 
process. 

Doubt is often expressed as to the current required 
for certain types of work. In general in the case 
of light work where the metallic electrode is used 
a current not greater than 125 amperes is necessary, 
while heavier work will stand 225 amperes without 
burning the electrode. Plates of ™%4-inch require 125 
amperes. Heating with the carbon electrode necessi- 
tates the use of greater currents; light welding, 150 
to 250 amperes; heavy welding and medium cutting, 
400 to 600 amperes; very heavy work, 600 to 1,000 
amperes. 

Flux is not necessary to good arc welding and has 
a tendency to contaminate the weld if used. With 
the metallic electrode the work should be cut sharp— 
not over %-inch in length. The current should be 
held within the limits suggested. Excessive current 
causes burnt or porous metal to be deposited. 

In welding a seam the electrode should be moved 
in a circular path, advancing along the seam. The 
metal will adhere only to the surface actually played 
on by the arc, so care must be taken that the entire 
surface is covered. 

The electrode must be connected with negative ter- 
minal, as it is difficult to maintain the arc with the 
polarity reversed. In starting the arc the electrode 
should be just touched to the arc and immediately 
withdrawn to the proper distance. 

When welding with the carbon electrode an are 1 
to 1% inches is the average, but in cutting it should 
ony be %-inch. 

The eyes of the welder should be thoroughly pro- 
tected by a mask from the light of the arc, or serious 
burns to the interior of the eye will result. No chinks 
or holes in the mask should be permitted, since only 
a brief exposure of the eye is required to bring on 
painful results. The inside of the mask should be kept 
painted dull black to prevent reflection of the light 
from behind.—From International Marine Engineering. 


Boring for Oil in Scotland. 
After more than two months’ preliminary work 


the actual sinking of the bore which is being put 
down for oil at West Calder, in Bast Lothian, has 
been started, and the fitting up of the plant neces- 


sary for boring at arother part of the shale and com} 
fields of the Lothians__near Dalkeith—has also begq 
begun. 

At West Calder the bore is being sunk through 
deposits of coal, shale and water. It is expecta 
that the work will progress at a rate of about 40 & 
a day. Operations will be carried on in two shifis 
a day, each of 12 hours, so that there w-ll be a» 
interruption of work. Down to a depth of 650 & 
the bore will be 19 in. in diameter, less the thigh. 
ness of the necessary casing. Afterwards, to a depth 
of 1,500 ft., the diameter will be 1514 in., then be 
tween 1,500 ft. and about 2,200 or 2,300 ft. it wil] 
be 12% in. At any turther depths that may be foung 
necessary the diameter will decrease at a somewhat 
corresponding rate. It may be added that the om 
perts who selected the position of the bore at Wegt 
Calder are the same as were responsible for the 
selection of the position at Hardstoft, in Derbyshire, 
Times Engineering Supplement (London). 
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